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ROCHESTER. 


S team 
Read Rollers & Tractors. 


PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT VESSELS. 
818 





A. G. Me=ford, , [4 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY aND Wak OFFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See advertisement pages 24 and 25, 

PATENT WATER-TOBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied to ag 


Admiralty. 
f daeaak 


D redging 
COAL BUNKBRING 
ELS. 


OF ALL DESCRIPTIO 
FLOATING CRANES. 
VSS 
Werf Conrad, 
Agents: MARINE WORKS, Lrp., Friars ——— 
39-41, New Broap Sr., LONDON, E.C, 2 
See half-page Advert. last w eck and next week. 


(‘ranes. —Electric, Steam, 
HYDRAULIO ana HAND, 
of all types and sizes. 
GEORGE RUSSELL & CO., Lrp., 
Motherwell, near Glasgow. 9948 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


thos. Piggott & Co., Limited, 


IRMINGHAM, 7411 
See Advertisement last week, page 83 


Sear Lj cnet ® K irk 
PATENT sr 
Sole Makers: SPENOBE D BONBOOURT, 
Parliament . I Victoria St., ‘London, "8. BW, 


['ank Locomotives. 
fi Ww 
Speci tien ot tuneshlp equal to 
R, & W. HAWTHORN, LESLIM & CO. Lep., 





HAARLEM, 
HOLLAND. 























ENGINEERS, NEWCASTLE-ON-TYEE. ‘9044 
MULTITUBULAR AND 
(Nochran _OROSS-TUBE TYPES. 
Bowlers. 
See page 17. 9047 
K J. Davis, M.I.Mech.E., 
e Gas mm nes “inspected, Tested pone 
Reported U: ver 25 years’ experience, Tel. : 
736 and 737 tratford. Wire: “ Ra: , London. * 
—Great Eastern Road, Stratford, 1794 





Bretts Patent | iter Co: 

LinnTep, 
ammers, Presses, Furnaces, 
COVENTRY. 610 


[®vincible (j2uge ({ lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester, Od 9753 


Kilectric (iranes. 


1074 
8. H, HEYWOOD & CO., LTD., 
EDDISH, 
SPECIALISTS 


Praller, 
in the 
SALE AND VALUATION 


0! 
PLANT AND MACHINERY 


an 
ENGINEERING WORKS. 
11, BILLITBR SQUARE, 8.0.3. 


Iron and Steel 


Tubes and fittings. 


poe | Licensees in Great 
Sat ay ont Bethe for the ieting ioe 


The Seottish Tube Go., Ltd” 


Heap _Oyro8 : 34, Robertson Street, Glasgow. 
Bee Advertisement page 65, Dec. 92, 














Horsey, Sons & Cassell. 








ee 





st —_ 





(\ampbells & Hnter, L 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft, diam. 
Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 4547 


'V OSPER. & & Co o., Lrp., 





MILLWALL, LONDON, &. 
GENERAL ComnsTRUCTIONAL Buorreras, 
Boilers, Tanks, &Mooring Buoys 
Srits, Perron Tanks, AIR Receivers, STEe. 
Curmyeys, RIveTep STEAM AND VENTILATING PipzEs, 
Hoppers, SpeciaL Work, REPAIRS OF ALL KINDS. 


1216 





IRON & STEEL 


T udes AN > Wittings 


Steel ug ee 


| Secieiaiae anp Lzovns, Lita. 





> aie er TT ILDERS, énun GLASGOW BIRMINGHAM LONDON, 
see enes AUNGE BOILER MAKERS, See Advertisement Page $2. 9952 
ement.— Maxted & Knott, ; 
Lrp., Consulting Cement Engineers, ADVISK }yconomy 
GENERALLY on Pro Cement Schemes FOR 


ENGLAND AND ROAD. ADVICE ONLY. 

Highest ecenad Bstablished 1890. 

Address, BURNETT AVENUE, HULL. 
Cablegrams: ‘‘ Bnergy, Hull.’ _ 


IL FUEL APPLIANOBS, 
stems 


Pressure, Alm, STEAM 
For Boilers of ali ls 
A A ES LIMITED, 
, The Temple, Dale Street, 
nc 
Naval Outfits Speciality 
alse for Merchant Ships, for 
Factories, Locomotives, and 
Industrial rnaces 
of all kinds. 
Supplied to the British and 
other Governments. 
Telephone No.: Central 2832. 
Telegrams: “ Warmth.” 


9762 





4078 


ocomotives Tank Engines 

ed and coustructed b 

MANNING, wa DLE AND COMPAN 
Boy ae Engine Works, Leeds. 

See their Tilue. ». Advertisement, page 87, last week, 


RAILWAY AND TRAMWAY ROLLING STOCK 


H™* Nelson & (\o., 3 td. 


THe Giaseow RoLuine Srock axp PLANT Reng 
MOTHERWELL. id 3383 


BR. Y. Pickering & Co., Ltd., 
(BsTaBLISHED 1864.) 

BUILDERS of RAILWAY CARRIAGES &2WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices: 
WISHAW, near GLASGOW. 
London Office: Od 8353 
8, Vioronta Sraeet, WesTmieTeER, 8.W. 





, LIMITED, 





entry Butcher & Co., 


AUCTIONEERS, VALUERS any SURVEYORS 
for 
ENGINEERING ayy ALLIED TRADES 
and 
INDUSTRIAL PROPERTIES. 9866 
63 and 64, CHANCERY LANE, LONDON, W.C.2. 


ilectric 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 





'['ran sporters. 


1074 


J obn H, Wilson &(Oo.,Ltd., 





HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


iodd Qi! Brrzers |—— 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 

49-51, HastcuEap, Lonpon, H.C. 3. 
TODD SHIPYARDS _ CORPORATION, 
Pelee ee 
Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 











VOL. CXIV.—No. 2974.] LONDON: FRIDAY, DECEMBER 29, 1922. [2a co [Paton . is, Bx Honmox Post 
A ‘eling & Porter, | Poa Y ARRO “GusBSW. LTD. -j ohn Bellamy, Limited, yles mat imi t LX d, 


BERS 
FEED WATER HEATERS 
CALORIFIRRS, EVAPORATORS, } .20W'8 


PATENTS. 
CONDENSERS, AIR HEATERS 
Merrill's Patent TWIN STRAINERS for Pump 


Suctions. 

SYPHONIA STRAM TRAPS, REDUCING VALVES 
-class GUNMETAL TRAM FITTINGS. 

ATER SOFTENING and FILTERING, 8723 


Y ARROW * “Gisaow. ™?* 





LAND AND MARINE 


YARROW BOILERS, 


MBtthew pat & CI wl 
w See Pull Page Aavi., page 64, norm 8. 


Forgings. 
Waiter Gomers, Limi Limited, 


7116 








['aylor & (Shallen 


Tresses 
For Production ef SHEBT METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
ae and Showrooms: BIRMINGHAM. 
i gage advert... page i, Des. ae 8. 8196 














8. H. HEYWOOD. & OO., LTD., 
REDDISH. 


25, Broadway, New York, U.S.A. 9960 He4 W rightson & Co. 
- [the Glasgow Railway LIMIEED. 
Engineeri alone ene y> See Advertisement page 58, 2402 
London Som Victoria Steet, 8.W. 
wads : 
RAILWAY OARKIAGK, WAGON & TRAMWAY ailway 
CARRIAGE & WAGON IRONWORK also witch d 
OAST-STEEL AXLE BOXES. * Swite es an 
SPEOLFY WELDLESS STEEL CHAIN. rossings. 
fe Strongest os & 
IN THB WORLD. T, SUMMERSON & SONS, LIMITED, 
Manufacturers: WHLDLESS CHAINS, lap. DagLinaron. 
ow WELLINGTON STREET, GLASGOW 
re) re] 
ON ADMIRALTY LIST. i ae RAPRITED 
. 6 ” ‘“ ” 
ohn Kirkaldy, Ltd.,| “OILDAG” “AQUADAG 
London Office; 101, LEApewHatt Sr., B.C. 3 (Reg.) BRAND. (Reg.) BRAND. 
J ee GmapHiITED 
Works: Buryt Miu, near Har.ow, Essex. GREASE. 
Makers of Lag 
BE ti d Distilling Pla: 66 ” 
Refriger atin zand Ice. Making Gscateay. GREDAG 
Feed Water Heaters. 
Brea Water Distt G. prety 
a’ i) ers. 
Main Feed Fa nd Air Po K, Acheson J 
Om din rcu ng an r ™ ps. ept. B.. Ee Manufact: w ke 
Auxiliary Sarines Oestenaers. sie | = 8r., owt jarers.) venue on 
EK lectric L? ifts ocomotive [['raversers 
(UP TO 25 TONS.) sat (BLECTRIC), le 
4 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 





Tur Guaseow Roiiine Stock anp PLant Works. 


urst, Nelson & Co., Litd., 








A Build ersof RAILWAY CARRIAG HS, WAGONS, 
Birkenhead. BLECTRIC CARS, and rv DESCRIPTION 
as Sad Vere eee toe 
See Illustrated Advertisement Page 93, Dec. 22. PR een. tone Tsuen 
Mice and Obiel Werke, meaberwell. 
. . or rwe 
Locomotive ShuntingOranes on Office : 14. Leadenhall Street, B.0. 043382 
a [ ea and all other Gases. 
Steam and Hiectric Cranes| as 0 ia ys Fy 
EXCAVATORS, ORANE-NAVVIES, GRABS, ta. MOTOMS oo tee BP. te perfect condi- 
SHIPS' WINDLASSHS. WINCHES, and ‘Mxise DIBSBL Bingines to 130 
DECK MACHINERY. OENTRIFUGAL and other PUMPS, and D.C, 
pases 637 MOTORS, 200/260 volte, from 4 to 600 HP, 
" Luers oF Staxparnp Sizes On APPLICATION. zeawias 
London Office: 15, VICTORIA STRERT, 8.W. 1. West Walls, Newcastle-on-Tyne, 978 





W. MacLellan, Lid., 


& 
P: CLUTHA WORKS, GLASGOW. 


ManuracrT 
RAILWAY CARRIAGES A’ AND  Waaee 
OF EVERY DESCRIPT 
RAILWAYIRONWORE, BRIDGES, ROOFING, £6, 
Chief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Olutha House, 10, Princes 8t. 
Westminster, 5.W.1. ; 


((entrifugals. 


P ott, assels & Williamson, 


MOTHERWELL, SCOTLAND, 





(dampens 939 
Bee half-page Advertisement, sage 28, Dec. 22. 
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’ 
Tbe Manchester Steam Users 
ASSOCIATION. 
For the prevention of Steam Boiler Bxplosions and 
for the attainment of Economy in the Application 
af Steam. 9, Mount Staxe:, MANCHESTER. 
Chief Engineer: O, KH. STROMBYER, M.I.C.B. 
Founded 1854 by Str WILLIAM FarRBarRy, 
Certificates of Safety issued under the Factoryand 
Workshops Act, 1#01, pepe Boe for Damages 
and Liabilities paid in case of Explosions. Hngines 
and Boilers inspected during construction. 


Palace School of 


Crystal 
PRACTICAL BYGINEERING, 


FouNDED 1872. 
PRINCIPAL: J. W. WILSON, M.Inst.0.B, 
M.1. Mech. H. 
The new course will commence on Jan. 10th. 
New Students enter at the School on the morning 
of Jan. 9th. X lsu 


[the Sir John Cass Technical 


INSTITUTE, 
Jewry STREET, AtpGarTeE, B.C. 3. 


Principal: CHARLES A. KBEANE,D.Sc.,Ph.D.,F.1.0. 








DEPARTMENT OF METALLURGY. 
Head of popermant, GH? PATCHIN, A.R.S.M., 


The following special courses of instruction will 
be given during the Lent Term 1923 -— 


THE MECHANICAL TESTING OF METALS 
AND ALLOYS 


by 
R. G@. BATSON, M.Inst.C.E., M.1,.Mech.B, 


A course of Ten Lectures with associated labora- 
tory work and practical demonstrations, Thursday 
Evenings from Seven to Ten p.m., commencing 
Thursday, January Lith, 1923, 


FOUNDRY PRACTICE 
(Ferrous and Non-Ferrous Metals), 


by 
GEO, PATOUIN, A.R.S.M., M.I.M.M., and 
A. F. GIBB 


Lectures and Practical Work, Morday Evenings 
from Seven to Ten p.m., commencing January 8th, 
1923. 


Detailed syllabus of the courses may be had upon 
application to the Office of the Institute, or by 
letter to the PRINOIPAL. X 174 


and all Beaines Examinations.—Mr. G. P 
KNOWLASS, B.sc., M B.B., A.M.Inst.C.B., F.S.1., 
M.R.San.1., PREPARBS CANDIDATES personally 
or by correspond Th ds of 

during the last sixteen re. Courses may com- 
mence at any time.—39, Victoria St., Westminster, 
&.W. Tel. 4780 Victoria. 1030 


) 
orrespondence Courses for 
Inst. Civil ange. Inst.Mech.B., London Univ. 
Matric., Inter., B.5c,), and ALL BNGINEBRING 
XAMINATIONS personally conducted by Mr. 
TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc, 
M.inst.C.B, MR.S.1., F.R.S.A., &. Also Day 
Tuition in Office. Bxcellent results at all Exams. 
Cuurses may commence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars spply to 8/ll, Trarronp OnAMBERs, 58, 
Sours Joun Street, LIVERPOOL, 675 


(Norrespondence ‘Courses for 
Spec 








Inst Mecu.B. BXAMI!NATIONS, — Also 

fal Courses as follows. Works Organisation, 
Administration, Pneumatic Engineering, Crane 
Design, &c.—Address, W 927, Offices of Bn@IngERine. 
A Brochure on “* Engineering 
SALBSMANSHIP and SALBS MANAGH- 
MENT,” with ip tyneny ef a SPECIAL COURSE 
of training, will be sent post free on application to 
DIRKBOTUR, Tue InetiruTe oF NGINEERING 
SALESMANSHIP, 333, Oxford Rd., Manchester. 985 


owering of Vessels. —A 

Practical Course of Instruetion by Corre- 

spondence.—Address, for particulars and terms, 
1049, Offices of Enainerrine. 


a 


TENDERS. 











OOUNTY OF LONDON, 
The London County Council invites 


([\enders for the Removal and 


DISPOSAL by barge of ASHES from the 
Power Station at Bast Greenwich for alternative 
periods of six and twelve calendar months, com- 
mencing on let February, 1923. 

Particulars and forms of Tender may be obtained 
from the General Manager, London County Oouncil 
Tramways, 23, Belvedere Road, Lambeth, 8.8. 1. 

No Tender will be considered if received at the 
County Hall, Westminster Bridge, 8.H. i, after 
Twelve Noon on Tuesday, 9th January, 1923. 

Tne Council dees not biad itself to accept the 
lowest or any Tender. 

JAMES BIRD, X 181 

Clerk of the London County Council, 
“BRENGAL-NAGPUR RAILWAY COMPANY 

LIMITED, 


The Directors are prepared to receive 


[Tenders for Touring Saloon 
UNDERFRAMBS (WITHOUT WHEBLS AND 
AXLBS). 
Specification and Form of Tender can be obtained 
at the yoy Offices, 132, Gresham House, Old 
Broad Street, London, B.0. 2, on or after 22nd 
December, 1922, 
A fee of £1 Is, will be ch 
a not be returned, 
nders must be submitted net later than 
ee: 10th January, 1923, sat: 
e Directors do not bind themsel acce| 
the lowest or any Tender. pen ” 
By order of the Board, 


Sfieati 





‘ged for the sp 


| of the Bills of Quantities w 





PORT OF SOUTHAMPTON. 
Re SUMMERS AND PAYNE, LTD. 


By order of the Receiver, G. 8. PITT, Esq. 
ance, Hunt & Uo. 


Invite 

OFFERS to PURCHASE a GRAB DREDGER, 
now lying at Messrs, Dibles’ Yard, Belvidere, 
Southampton. 

Length 58 ft., beam 18 ft., draught 3 ft. 

Capacity 40 tons. Constructed of steel in 1919- 
1920. Fitted with Grab, size AA, by PRLESTMAN 
BROS., LTD. Steam self-propelling gear. 

May be viewed any working day between Nine a.m, 
and Four p.m. 

Offers, marked “‘Grab Dredger,” to. be sent in 
not later than Jan 6th, 1923. 

AUOCTIONBERS’ Offices: 67, Above Bar, South- 
ampton. x X172 


STATE BLEOCTRICITY COMMISSION OF 
VICTORIA. 
eS Invited for the SUPPLY, DELIVERY, 
etc., of the following for the Morwell 

Power Scheme, 

a _ of | ano Form and ase may be 
obtained or pepoctes u application to :— 

AGENT. BNBRAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C. 2. 
SprciFicaTion No. 23/6— 
ASH AND DUST BXTRACTION PLANT. 

CuarGe :—2£2 2s, for the first two copies of Tender 
Form, Conditions of Contract and ———— 
complete. This charge will be returned on receipt 
of a fide Tender. A third or any further copies 
will be supplied for the sum of £1 1s. each, not 
returnable, 

PReLimiInaRy DeposiT:—A Preliminary Deposit 
of £50 is required to be lodged with Tender. 

The Commission does not bind itself to accept the 
lowest or any Tender, 

Tenders on ribed form, operly endorsed 


presc 
and addressed, must be delivered e undersigned 
in Melbourne not later than Five p.m. 


March 7th, 1923, 
R. SeDaEeY. 


ecre 
State Hlectricity Commission of Victoria, 
elbourne, 
Australia. X 85 
THE SOUTH INDIAN RAILWAY COMPANY, 
LIMITED 





‘TENDERS FOR PLANT. 


enders are Hereb 


on 





are vy th to receive 


(Tenders or the Supply of :— 
1. STEEL TYRES for Carriages and Wagons. 
2. ROLLED sTEEBL DISC WHEELS for 
Cc ges and Wagons. 
8. SHERT and PLATE GLASS, etc. 
4. SHEFFIELD TOOLS, etc. 
5. LOCKS, etc. 

Specifications and Forms of Tender will be 
available at the Mt oy Offices, 91, Petty 
France, Westminster, 8.W. 1. 

Tenders addressed to the Chairman and Directors 
of the South Indian Kailway Company, Limited, 
marked “ Tender for Steel Tyres for Carriages 
and Wagons,” or as the case may be, must be left 
with the undersigned not later than Twelve noon 
on Friday, the 1 January, 1923. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

Acharge, which will not be returned, will be made 
of 5s, for each copy of each Specification. 

Copies of the Drawings may be obtained at the 
Offices of Mesers. Robert WHITE & Partners, 
Consulting Hngineers to the Company, 3, Victoria 
Street, Westminster, 8.W. 1. 

A. MUIRHBAD, 


Managing Director. 
91, Petty France, 8.W. 1. 
28th December, 1922. X 190 


MBTROPOLITAN WATER BOARD. 


MAIN—WSSTMINSTER BRIDGE ROAD TO 
VINE STREET. 


The Metropolitan Water Board invite 


[lenders for the Construction 
of about 140 lineal of 24 in. diameter 
MAIN, and about 3070 lineal yards of 36 in. diameter 
MAIN, from the junction of Lower Marsh and 
Westminster Bridge Road, Lambeth, to Vine 
Street, Bermondsey, in the County of London. 

Drawings, Conditions of Contract, and Specifica- 
tion, may be inspected without payment of fee at 
the offices of the Board, Chief Engineer’s Depart- 
ment (Hoom 201), on and after Monday, 8th 
January, 1923. 

Copies of drawings may be obtained at the cost 
of the Tenderer through the Board's Photo-Printers, 
Forms of Tender, Conditions of Contract, Specifica- 
tion, and Bills of Quantities, together with a spare 
copy of the Bills of Quantities, may be obtained on 
and after 8th January, 1923, from Mr, Henry B. 
Sriteor, M Inst.C.B., the Chief Hugineer, on 
production of an official receipt for the sum of £20, 
which sum must be depesited with the Accountant 
to the Board and will returned on receipt of a 
bona fide Tender accompanied by the above named 
documents (with the bape cera of the spare copy 

h may be retained 





STATE ELECTRICITY COMMISSION OF 
VIOTORIA. 


Scheme. 
Copies of Tender Form and Specification may be 
obtained or inspected upon application to :— 
AGENT-GENBRAL FOR VICTOsIA, 
Melbourne Place, Strand, 
London, w.o. 2. 
SPECIFICATION No, 22/8— 
TRANSFORMERS. 


TENDERS FOR PLANT. 


enders are Hereby 
Invited for the SUPPLY, DELIVERY, 
etc., of the following for Morwell Power 


OnanrGe :—5s. for first two coptes of Tender Form, 
Conditions of Contract, and Specification complete. 
This charge will be returned on receipt of a bona fide 
Tender. A third, or any further copies may be 
obtained on payment of 2s. 6d. per copy, not 
returnable. 

Pre.iminary Depostt:—A Preliminary Deposit 
of 1% of total Tender Price is required to be lodged 
with Tender. 

The Commission does not bind itself to accept the 
lowest Tender. 

ers on prescribed form, properly endorsed, 
and addressed, must be delivered to the undersigned 
in Melbourne, not later than Twelve Noon on the 
3ist March, 1923. 
R. LIDDELOW, 


Secretary. X 201 








APPOINTMENTS OPEN. 





DORSET COUNTY OOUNCIL. 
EpucatTion COMMITTEE. 


WEYMOUTH ENGINEERING AND 
TECHNICAL SCHUOL. 

A Teacher of Engineering 

Subjects and Mathematics is REQUIRED, 

to commence duties on lst February, 1923, if 

possible, Candidates should be graduates or hold 

equivalent qualifications, and preference will be 

ven to a candidate with experience in Motor 

ngineering. Selary nee ver | to the Burnham 
Scale for Teachers in Technical Schools. 

Forms of application, which must be returned 
completed not later than the 6th January, 1923, 
may be obtained from the DIKECIOR OF 
EDUCATION, County Education Office, 
Dorchester. X 197 

UNIVERSITY OF CAPE TOWN. 


CIVIL ENGINEERING DEPARTMENT. 
ASSISTANT AND DEMONSTRATOR. 








A pplications are Invited 

for the POST of FIRST GRADE 

ASSISTANT and DEMONSTRATOR in 

the Civil Engineering Department of the University 

of Cape Town, Salary £350 rising by £25 per 

annum to a maximum of £450. An allowance of 
£40 will be made for passage name A 

The duties of the post will include taking tutorial 
classes, assisting with the structural and design 
classes, preparing drawings, diagrams and cartoons, 
taking practical surveying and generally carrying 
out the instructions of the head of the department. 
Applicants should have a good theoretical know 
ledge of engineering and be good draughtsmen 
and surveyors, and it is also desirable that they 
should have had some practical experience. 

The successful applicant will be required to 
become a member of the University Teachers 
Superannuation Fund and to take up his duties 
by lst March, 1923. 

Applications and coples of testimonials, all in 
duplicate, should reach the SECRETARY, Office 
of the Hien Commissioner for the Union of 
SouTH Arnica, Trafalgar Square, W C., from whom 
Forms of Application may be obtained, not later 
than the 31st December, 1922. X 72 

ssistant Locomotive 
SUPERINTENDENT REQUIRED 
forthe NiGKKIAN GOVERNMENT RAIL- 
WAY for two tours of from 12 to 18 months’ service, 
with possible extension. Salary £480-£30-£720 a 
ear. Outfit allowance of £60 on first appointment. 
ree quarters and first class aero and liberal 
leave in England on full salary. Candidates, age 
25 to 40, should be of good education and possess 
some approved engineering diploma. They should 
have served an apprenticeship in the Locomotive 
Workshops of one of the British Railways in fitting, 
turning, erecting, ttern shop, foundry and 
drawing office, and have had experience on the 
tootplate The candidate selected may be required 
to act as Assistant Works Manager, and applicants 
must therefore p the y workshop 
experience to be able to undertake the duties of 
that post. 

Apply at once by letter, stating age and particu- 
lars of experience, to THK CROWN AGENTS 
FOR THE CvLONIKS, 4, Millbank, Westminster, 
8.W, 1, quoting M/11745. X177 


ngineer Wanted for London 


Office. Estimating and purchasing. Good 
technical and commerensl knowledge. Salary 














the Tenderer), together with all copies of drawings 
obtained by the Tenderer. 

Such payments and applications must be made 
between the hours of Ten a.m. and 4,30 p.m. 
(Saturday Ten a.m and Twelve noon). Cheques 
should be made payable to the Metropolitan Water 

and not to individuals. 

Tenders enclosed in sealed envel: addressed 
to the “Clerk of the Board, Metropolitan Water 
Board, 173, Rosebery Avenue, London, 8.0. 1," and 
endorsed “Tender for Pipe Laying, Westminster 
Bridge Road to Vine Street,” must be delivered at 
the offices of the Board not later than Ten a.m. on 
Wednesday, 2:th January, 1923. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

G. F, STRINGER, 
Acting Clerk of the Beard. 

Offices of the Board, 

New River Head, 


173, Rosebery Avenue, B.C. 1. 
sard Desembes, 1922, X 192 


g £550 per annum.—Address, X 149, 
Offices of ENGINEERING. 


ngineer—Plant Maintenance 

and Development. The vacancy advertised 

on October 27th has now been filled.— HANS 
RENOLD, LTD., Didsbury, Manchester. X 175 


Wanted, an Engineer with 


theoretical and practical knowledge in 
designing Bngines of the Central-Bxhaust and 
Bxtraction types. State age, previous experience 
and salary req |. — Address, X 199, Offices of 
ENGINEERING. 


[)tacghtsman Wanted by 


Important Firm in the Midlands manu- 
facturing steam engines and pumping machinery. 
Applicant must bave had shop training and wide 
experience. Full culars, stating age and 
salary. X 117, Offices of BNcInExRive. 




















M cchanical Draughtsmen 


REQUIRED for the design of mechanisms, 
Only good men with shop experience need apply. 
State age, salary and experience.—Address, X 7:, 
Offices o' GINKEERING. 


Machine Tool Designer 


WANTED for special tools. Applications 
are only invited from men of first class ability. 
Reply, giving qualifications.—Address, DESIGNER, 
Ww. onTEOUs & Co., Advertising Agents, 
Glasgow. X89 


Wanted, by Leading Firm, 

SENIOR DRAUGHTSMEN with first- 
class experience for Layout and Detail work on 
Switchgear, none but first-class men need apply — 
Address, stating age, experience and salary required, 
X 94, Offices of EnGiner Rive. 


anted, Several Senior 
ae SWITCHBOARD DRASSUSERES. 
pply, stating age, experience and sa required, 
to PURITISH THO MBON-HOUSTON 0., LTD., 
Drawing Office, Willesden, N.W. 10. x 127 
Senior Mechanical Engineer- 
ING DRAUGHTSMAN REQUIRED, 
preferably with knowledge of centrifugal pump 
design and details. State age, wage and experience, 
—Address, X 195, Offices of ENGINEERING. 


[taughtsman, Accustomed to 

Traction Control Gear, WANTED.—Address, 
stating age, experience, and salary required, X 154, 
Offices of ENGINEERING. 


W anted, D raughtsman, 
accustomed to design o iy 8 steam 
Engines and Centrifugal Pumping Machinery. 


London district. State experience and salary.— 
Address, X 182, Offices of ENGINEERING. 


equired Immediately in 
London, EXPERIENCED DESIGNER of 
Kuclosed Forced Lubrication Steam Engines. Pre- 
war experience. State full particulars, age, and 
salary.—Address, X 183, Offices of ENGINEERING. 


eer 


raughtsman Wanted, 
thoroughly accustomed to Handling Plants 
of all classes, State age, wages, and experience.— 
ROBERT DEMPSTER « SONS, LTD., Kose Mount 
Iron Works, Elland, Yorks. X 184 
irst - class Draughtsman 
REQUIRED, experienced in Coal and Coke 
Conveying Machinery and Structures for same. 
Must be a naturally quick man.—Full particulars 
of experience to STRACHAN & HKNSHAW, 
Whitehall Ironworks, Bristol. X 189 
[[‘ransformer Draughtsman.— 
APPLICATIONS are REQUESTED for the 
APPOINTMENT of Transformer Draughtsman 
with well-known British Firm of electrical 
engineers, 

Applicants must have had first class experience 
in the design and manufacture of LARGK HIGH 
TENSION TRANSFORMKRS., 

The position would be a permanency and offers 
ample scope toasuitable man, Applications will be 
treated with strict confidence.—Address, givin 
full particulars of experience, X 179, Offices o' 


ENGINEERING. 
Large Firm in the North 


A of England, who have in hand a large 
amount of constructional and mechanical work, 
RKQUIRKE SEVERAL additional DRAUGHTSMEN 
as a temporary measure. Applicants should have 
considerable experience, and be capable of carrying 
through work upon their own responsibility. 
Junior draughtsmen are not required.—Age, full 
particulars of experience, and salary required 
should be stated, and application should be maul 
in the first instance to X 193, Offices of ENGINEERING. 


Wanted, Good Keen Men 


with Shop experience for writing out 
Material Specifications. Good opportunities for 
right type of man. Must be accurate and quick.— 
Address, stating age, experienceand salary required, 
X 95, Offices of ENGINEERING. 


Wanted, Foreman Erector 


for live rear axles for motor vehicles, with 
experience of testing. Full particulars of ex- 
perience.—Address, 188, Offices of ENGINEERING. 












































SITUATIONS WANTED. 


Bey: —The Manager of a 
ge Engineering Works Purchasing Depart- 
ment, who has an exceptionally wide knowledge of 
the Markets of the Country, DESIRES to Negotiate 
NEW APPOINTMENT.—Write, Z.M. 613, care of 
Deacon's, Leadenhall Street, B.C, 3. X 200 


(jxaduate, London University 


(B.Se. and Engineering Diploma) ex-officer, 
23 years of age, Workshop and Drawing Office 
experience, Seeks Post with some prospects.— 
Address, X 82, Offices of ENGINEERING. ee 


Ww anted, an Employer, must 


bea “white” man and capable. For such 
a man advertiser will apply a wide knowledge of 
factory organization and manufacturing processes 
with great ability and energy.—Address, X 176, 
Offices of ENGINEERING. 


ement Works— Abroad.— — 
REQUIRED, POST as Manager of Modern 
Cement pores in the pare pom Ba" miner 
present in India. years’ ex lence in 
trade, acquired with the leading English Mfrs. 
Smart, up-to-date man, energetic, fine physique, 
and not afraid of work. Unique works’ experience, 
first-class chemist, knowledge of Kotaries, and ® 
cement processes, used to machinery, trunning, © 
costing, etc. First-class creden 
stating terms, etc., X 187, Offices of ENGINEERING. 











ls.—Address, © 
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THE PRESSURES DEVELOPED IN 
GASEOUS EXPLOSIONS. 
By Proressor W. T. Davin, Sc.D. 
THe curves which have been hitherto published, 
showing the pressures developed during the explosion 


and subsequent cooling of inflammable gaseous | 


mixtures contained in a closed vessel, have been 
prepared from pressure records taken with a pencil 
indicator.* These curves generally show indicator 
oscillations which make it difficult to follow accu- 
rately the progress of the explosion. It has been 
thought, therefore, 
to publish a series of pressure curves prepared from 
records made with an optical indicator with a high- 
frequency spring. In these records there was no 
trace of indicator oscillations, and it is believed that 
they show the development of pressure with a 
high degree of accuracy. 

The Process of Explosion.—Before going on to | 
describe a series of pressure records taken under | 


Fie. 1. 


varying conditions, it will be desirable to recall 
briefly the main facts which have been discovered | 
relating to the process of explosion. 

® On igniting a homogeneous inflammable gaseous | 
mixture contained in a closed vessel, a sphere of 
flame with the point of ignition as centre spreads 
outwards, slowly at first, and then with increas- 
ing speed. As the flame spreads, the potential 
chemical energy of the combustible gas is trans- 
formed into thermal energy, and the tempera- 
ture and pressure of the burning gas rise in 
consequence. A typical pressure curve to a time 
base is shown in Fig. 1. This is a reproduction 


of an actual photographic record} taken by means | 


of an optical indicator during the explosion and 
subsequent cooling of a strong mixture of coal-gas 
and air contained in a closed vessel and ignited by 
means of an electric spark placed in the centre of 
the vessel. It will be noticed from this illustration 
that the pressure rises slowly at first and then rises 
rapidly until a maximum rate of pressure is at- 


tained, which remains constant for some time. | 


Later, the rate of rise becomes less until the maxi- 
mum pressure is reached, and afterwards the pres- 
sure begins to decrease owing to the cooling action 
of the walls of the containing vessel. The period 
which elapses between the moment at which the 
pressure begins to rise, and the moment at which 
the pressure attains its maximum value, is known as 
the time of explosion. 

The greater part of the burning takes place during 
the explosion period, but as has been shown in a 


revious article,t a considerable proportion of the | 
p + propo 


gas remains unburnt at the moment of maximum 


pressure, and the combustion of this unburnt gas | 


takes place as the mixture cools. An appreciable 
volume of inflammation also appears to take place 
before the pressure begins to rise, i.e., during the 
period which elapses between the moment of passage 
of the ignition spark and the moment when the 
pressure begins to rise.§ This period has been 
termed the pre-pressure period. 

It was predicted by Sir Dugald Clerk!| and experi- 


mentally confirmed by the late Professor Bertram | 


Hopkinson,‘{ that the flame completely filled the 
explosion vessel some little time before the attain- 
ment of maximum pressure. During the explosion 
of a 10 per cent. mixture of coal-gas and air at 





* See standard text-books on the Internal-( Jombustion | 


E ungine, ¢.g., ““ The Gas, Petrol and Oil Engine,” 
by Sir Dugald Clerk. 

+The reproduction is about one-half the size of the 
actual photographic record. 

¢ ENGINEERING, March 10, 1922. 

5 J. D. Morgan, ENGINEERING, vol. eviii, page 538. 

| Proc. Inst. C.E., March, 1886. 

{| Proc. Royal Soc. A, vol. ixxvii, 1906. 


vol. i, 


that it would be of interest | 











atmospheric density in a vessel of 6-2 cub. ft. 
capacity, for which the time of explosion was 0-25 
sec., Hopkinson found that the flame completely 
filled the vessel about one-thirtieth of a second before 
the attainment of maximum pressure. The maxi- 
|mum pressure developed in this experiment was 
82 lb. per square inch, and the pressure at the 
| moment when the flame completely filled the vessel 
| was 70 lb. per square inch. 

A very interesting point, first noticed by Hopkin- 
|son,* is that the portions of the gas first ignited 
| undergo adiabatic compression, due to increase of 
pressure developed by the later inflammation of the 
| surrounding portions. Owing to this, the distribu- 
| tion of temperature in the gaseous mixture at the 
poor of maximum pressure is far from being 

uniform. The gaseous mixture at this moment 
consists of a hot core surrounded by cooler portions. 
In one of Hopkinson’s experiments with a 10 per 
|cent. mixture of coal-gas and air, it was found that 
while the mean temperature of the gaseous mixture 


means of a Hopkinson optical indicator. The 
inflammable mixture was introduced into the vessel 
in the following way:—The vessel was first ex- 
hausted by means of an air pump, and the quantity 
of gas required to give the mixture a certain strength 
was introduced. Air was then admitted, bringing 
the pressure up to atmospheric. The gas, when let 
into the explosion vessel at low pressure, quickly 
diffused throughout the whole space and the air, 
afterwards rushing in at high velocity, thoroughly 
stirred up the mixture. To make certain that the 
mixture was homogeneous, it was allowed to stand 
for about half-an-hour before firing. This is a method 
of mixing recommended by Sir Dugald Clerk*, and 
the writer has found it to be thoroughly effective. 

The calorific value of the coal-gas used was 
320 C.Th.U. per standard cubic foot (lower value). 
Its composition is given in Table I. The oxygen 
requited for complete combustion and the resultant 
volumes of CO, and steam are also shown. 


Taste I.—C. omposition of the Coal- Gas used, 


| Per Cent. 
| by 
| Volume. 
| 


CH4 es | 
Heavy hy dro- 

carbons ; 

0 - 
No ° 

Other gases 


133-6 56°75 


| Fig.2. 15% MIXTURES OF COAL GAS & AIR AT ATMOSPHERIC 
DENSI 


TY. 
| WALLS OF EXPLOSION VESSEL PAINTED BLACK. 
Gave A Spark in Centre of Explosion Vessel 
B Spark near Centre of End Cover of xplosimlessd 


The hydrogen used in the experiments was sup- 
plied by the British Oxygen Company, and guaran- 
teed 98 per cent. pure. 

The Effect of Position of Spark on Pressures Deve- 
loped.—Two pressure curves to a time base are 
shown in Fig. 2 for two identical mixtures (15 per 
cent. coal-gas and 85 per cent. air), but in the one 
case (curve A) the mixture was ignited by a spark 
placed in the centre of the explosion vessel, and in 
the other (curve B) by a spark placed at the centre 
of one of the end-covers, i.e., at one end of the 
vessel. It will be noticed that when the spark 
was placed in the centre of the vessel, the time of 
explosion was less and the maximum pressure 
| developed was greater than in the case when the 
spark was placed near one end of the vessel. In the 
former case, the time of explosion was 0-05 sec. 

|and the maximum pressure 105 lb. per square inch 
es ee VESSEL PAINTED BLACK. a | above atmosphere, a in the latter case the time 
Gave A— | of explosion was 0-075 sec. and the maximum pres- 
130 Te Mi |sure 100 Ib. per square inch above atmosphere. 
120 Curve C — 107.Mtocture | The speatiet venadilaniens pressure She clearly 
10 ' developed when the spark was placed in the centre 
of the vessel, and in the following experiments the 
spark was fixed in this position. 

The Effect of Mixture Strength.—The pressure 
curves in Fig. 3 relate to a strong, a medium and a 
weak mixture respectively. Curve A was taken with 
a 15 per cent. mixture (15 parts coal-gas and 85 parts 
air), curve B with a 12-5 per cent. mixture, and 
curve C with a 10 percent. mixture. All the gaseous 
mixtures were at atmospheric pressure before firing. 
In the strong mixture a maximum pressure of 
105 lb. per square inch (above atmosphere) was 
| developed in 0-05 sec.; in the medium mixture a 
maximum pressure of 90 lb. per square inch (above 
atmosphere) was developed in 0-075 sec., and in the 
weak mixture a maximum pressure of 76 lb. per 
square inch (above atmosphere) was developed in 
0-14 sec. The 15 per cent. mixture required prac- 
tically the whole of the oxygen in the air for its 
complete combustion. The weakest mixture of this 
coal-gas which would ignite on passage of the spark 
contained between 7 per cent. and 8 per cent. of 
coal-gas. 

Similar curves relating to hydrogen and air 
mixtures are shown in Fig. 4. Curve A relates to 
a 25 per cent. mixture, curve B to a 15-3 per cent. 
mixture, and curve C to a 10 per cent, mixture. 
The strong mixture gave a maximum pressure of 
87 lb. per square inch above atmosphere in 0-014 
sec., the medium mixture developed a maximum 
pressure of 61 lb. per square inch above atmosphere 
in 0-06 sec., and the weak mixture a maximum 
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at the moment of maximum pressure was about 
1,600 deg. C., the temperature of the hot core 
was as much as 1,900 deg. C. 

Method of Experiment. —The pressure records about 
| to be described were taken with an explosion vessel 
consisting of a plain cylinder of cast-iron, 12 in. in 
|diameter and 12 in. in length, on to which were 
bolted two flat end-covers. The interior surface of 
the vessel was silver-plated and could therefore be 
made reflecting as regards radiation falling upon it, 
| by polishing it, or absorbent by coating it with a 
|thin layer of dull black paint. In all the experi- 
ments to which Figs. 1 to 5 and Fig. 7 refer, it 
|was painted black, while for the experiments 
6, it was 





|the results of which are shown in Fig. 
|alternatively polished and blackened. It was 
placed in position with its axis horizontal, 
jand arrangements were made for recording the 
|pressures on a revolving photographic film by 
| 








* Proc. Royal Soc. A, vol. lxxvii, 1906. * “ The Gas, Petrol and Oil Engine,” vol. i, page 156. 
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pressure of 44 lb. per square inch above atmosphere 
in 0-25 sec. 

The Effect of Density.—The curves in Fig. 5 relate 
to 15 per cent. mixtures of coal-gas and air at 
densities varying between 4 atmosphere and 1} 
atmospheres. It will be noticed that the time of 
explosion increases slightly with the density, ¢.g., 
at’ 4 atmosphere it is 0-042 sec., while at 1 atmo- 
sphere it is 0-05 sec., and at 14 atmospheres it is 
0-0575 sec. The ratio of the maximum absolute 
pressure to the initial pressure increases slightly 
with the density. At 4 atmosphere this ratio is 
about 7-75, while at densities of 1 atmosphere and 
over itis a little greater than 8. This is due mainly 
to the relative decrease in the heat loss during the 
explosion period as the density is increased. 

Sir Joseph Petavel, experimenting with coal-gas 
and air mixtures at very high densities, also found 
that the ratio of the maximum to the initial pfessure 
increases with the density. Thus, for a particular 


Fig.4. MIXTURES OF HYDROGEN & AIR AT ATMOSPHERIC 
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mixture at about 75 atmospheres this ratio was 
about 8-6, whereas for the same mixture at atmo- 
spheric density in the same explosion vessel, the 
ratio was about 7.* 

The Hffect of the Nature of the Interior Surface of 
the Explosion Vessel.—As has been mentioned, the 
interior surface of the explosion vessel was silver- 
plated and could, therefore, either be made reflect- 
ing by polishing or absorbent as regards radiation 
by blackening. Curves A and B, in Fig. 6, relate 
to two identical 15 per cent. mixtures of coal-gas 
and air, but in the one case (curve A) the walls 
of the vessel were polished, and in the other cause 
(curve B) the walls were blackened. It will be 
noticed that the maximum pressure is about 3 per 
cent. greater and the rate of cooling much slower 
in the polished vessel than in the blackened vessel. 
This is a result first discovered by Hopkinson.+ 
The reason for the greater pressure and the slower 
cooling in the polished vessei is that the radiation 
emitted by the hot gaseous mixture is reflected 
back by the walls and reabsorbed by it. 

Curves C and D in the same figure relate to 25 per 
cent. mixtures of hydrogen and air exploded under 
similar conditions as the coal-gas mixtures. The 
rate of cooling in the polished vessel, as shown 
by curve C, is considerably less than that in the 
blackened vessel, but the maximum pressure in 
the polished vessel is not appreciably greater than 
that in the blackened vessel. This is due to the 











* Phil. Mag., May, 1902. 
Tt Prov. Royal Soc., A, vol. lxxxiv, 1910, page 155. ° 


fact that the amount of radiation emitted during 
the very short explosion period is very small.* 
The Effect of Inert CO, upon Explosion Pressures.— 
The curves in Fig. 7 show the effect of replacing 
the nitrogen of the air by inert CO,. Curve A 
(dotted) relates to a 15 per cent. mixture of coal-gas 
and air (15 per cent. coal-gas, 17-8 per cent. oxygen 
and 67-2 per cent. nitrogen) ; curve B to a mixture 
containing 15 per cent. of coal gas, 26-4 per cent. 
oxygen, and 58-8 per cent. CO,; and curve C to a 
mixture containing 15 per cent. of coal-gas, 19-7 per 
cent. oxygen and 65-3 per cent. CO,. It will be 
seen at once that the presence of CO, reduces greatly 
the maximum pressure developed and slows down 
the speed of combustion; and further, that the 
greater the proportion of CO,, the lower the pressures 
and the slower the burning. As was explained in 
a previous article,t the lower maximum pressures 
produced in the CO, mixtures are due in a large 
measure to the greater volumetric or specific heat 
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of CO, as compared with that of nitrogen. Prob- 
ably, too, in the CO, mixtures rather less of the 
coal-gas is burnt at the moment of maximum 
pressure than in the nitrogen mixture. 





THE UNDERTAKING OF THE LANCA- 
SHIRE POWER COMPANY. 
(Concluded from page 764.) 

Tue latest boiler-house has as yet boilers along 
one side only, and the overhead bunkers are not yet 
erected. In this house coal is taken to the stoker 
hoppers by small side-dumping trucks or contractor’s 
wagons, which run along the boiler fronts as shown 
in Fig. 13, on Plate XLVII. These wagons are filled 
by means of shoots leading down from the bunkers 
in the next bay. The smooth appearance of the chain 
grates is due to the fact that these were running 
at the time the photograph was taken, and the 
eccentric rods operating the grates are blurred for 
the same reason. Fig. 14 is a view of the engine- 
room looking towards the newer end and including 
all the main generating units with the exception 
of the four early vertical sets. The three machines 
in the foreground are the first of the horizontal type 
installed in the station, their rated capacities, 
starting from the plant nearest to the position from 
which the photograph was taken, being 2,500 kw., 
3,500 kw. and 4,375 kw. respectively. Next comes 
a 6,090. kw. unit installed in Aen, and at the end 


* Proc. Royal ‘Boe., he vol. xcviii, 1920, page 186. 
+ ENGINEERING, September 5, 1919. 









of the house can be seen the two 10,000-kw. sets 
put into commission last year. 

The photograph does not do justice to the lay-out 
of these 10,000-kw. sets, as the large and well- 
lighted condenser pit between them is not visible. 
A reference to Fig. 15, on page 793, will, however, 
rectify this omission. This is reproduced from 
a photograph taken in the pit, and gives a very 
good idea of the visibility and accessibility of the 
condenser and auxiliary machinery. The partly-sec- 
tioned drawing reproduced in Fig. 12, Plate XLVI, 
shows the general design of the turbine and con- 
densing plant, while the lay-out is illustrated to scale 
in Figs. 16 to 18, on page 794. The bottom of the 
pit, which is at ground level, is 18 ft. below the 
engine-room floor. The cross-wise position of the 
condenser is in accordance with modern practice, 
and allows of the best possible access to the ends 
for the purpose of cleaning or attending to the tubes. 

All the generating plant, electric motors and 


_| switch gear at Radcliffe have been supplied’ by 


the British Thomson-Houston Company, Limited, 


_|of Rugby, the two 10,000-kw. turbo-alternators in 
‘|the new extension being the ninth and tenth 


machines to be installed. The turbines, as will be 
seen by reference to Fig. 12, are of the standard 
multi-stage impulse type manufactured by the 
company. They run at a speed of 1,500 r.p.m., and 
are designed for a steam pressure of 150 lb. gauge, 
with 150 deg. superheat and a vacuum of 28-5 in. 
The alternators are also of the British Thomson- 
Houston Company’s standard design, generating 
three-phase current at 50 cycles and 11,000 volts. 
Each will develop 13,333 k.v.a. at normal full load, 
and will carry an overload of 25 per cent. for 2 hours 
without undue rise of temperature. We reproduce 
in Table I below, the results obtained in the official 
tests of machine No. 9, which were carried out on 
August 10, 1921. 


TaBre I.—Offcial Tests of 10,000-kw. B.T.H. Turbo- 
Alternator at the ) Rae ffe Power Station. 




















| 
Test No 1 | 2 | 3 4 
| | 
Output in kilowatts 4,743 7,614 | 10,275 | 12,371 
Power factor, per cent. ..| 60-2 73°7 75-6 74-3 
Steam —— gauge, 
Ib. per sq -| 153-3 149-7 147-6 148-0 
Steam Ganpeasture, deg. 
F. -| 497-0 507-5 505-0 499-5 
Vacuum corrected to 30- 
n, barometer .. -| 28-83 | 28-79 28-71 28-54 
eteea consumption, Ib. 
per kw.-hour .. -} 12-9 12-13 12-16 12-5 








It will be noticed from the above figures that the 
point of highest efficiency of the unit is at about 
three-quarter full load, the efficiency ratio then 
being practically 73-8 per cent. This efficiency 
varies only very slightly between three-quarter load 
and overload conditions, which is an important 
feature as a sustained high efficiency over a wide 
range of output contributes largely to the economical 
operation of the station. 

The switch gear at Radcliffe has recently been 
reconstructed on modern lines. It comprises three 
distinct groups, concerned respectively with the 
control of the generators, the group feeders, and the 
distribution feeders. The generator bus-bars are 
divided into two sections, interconnected by re- 
actances and provided with electrolytic lightning 
arresters to each section. Two group feeders are 
coupled through isolating switches to each section 
of the generator bus-bars. There are 24 outgoing 
feeder equipments, arranged in four sections, each 
section being controlled from the main bus-bars by 
a group switch. Each consumer on the system is 
provided with an alternative supply, so that in the 
event of a fault on the mains, the supply can be 
changed over from one feeder to another. Pro- 
vision is also made for connecting any feeder through 
a test reactance when desired. The switch gear is 
of the cellular type equipped with a single set of 
bus-bars, isolating switches, and motor-controlled 
spring-operated circuit breakers. The generators 
are provided with circulating current protective 
gear and automatic field-suppression switches. The 
feeders are equipped with inverse time-limit over- 
load relays and instantaneous earth leakage relays, 
and there is also special discriminating gear for 
protecting parallel feeders. 





The surface-condensing plant was constructed by 
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Messrs. Worthington-Simpson, Limited, at their 
Newark-on-Trent Works. Each condenser was 
designed to provide a vacuum of 28-5 in. with the 
barometer standing at 30 in., when dealing with 
130,000 Ib. of steam per hour, and supplied with 
circulating water at 65 deg. F. The main feature 
of the arrangement is that all the auxiliaries belong- 
ing to each condenser are in duplicate, and either 
set by itself will give the required vacuum at loads 
up to 60 per cent. of fullload. One set of auxiliaries 
is driven by alternating-current motors taking 
current from the station bus-bars, and the other 
set is driven by direct-current motors from an 
independent source of current. Thus, when both 
sets are in use, the vacuum is maintained in the 


Fic. 15. 


ConpENsER Prt oF 10,000-Kw. 


event of trouble on either system. This is a matter 
of great importance in the operation of the station, 
as it eliminates almost the only objection to motor- 
driven auxiliaries, namely that they are liable to 
let the vacuum down just at the times when it is 
urgent that it should be maintained, namely in 
the event of a drop in the bus-bar voltage or in the 
frequency. The continuous-current drive from the 
station lighting plant also provides a means of 
starting-up the condensing plant of the main units 
in“case of the rare event of a complete shut-down of 
the station, and therefore permits the economy of 
motor-driven auxiliaries to be enjoyed with, at the 
same time, practically perfect security against 
trouble. The duplication of the circulating pumps 
also enables full advantage to be taken of times of 
cold circulating water, as then one pump only need 
be operated to maintain the required vacuum. As 
an instance of this we may mention that on the 
occasion of a full-load test of the plant a vacuum of 
29-11 in. was maintained at the condenser inlet, 











with one set of auxiliaries only, the circulating 
water being at 43-6 deg. F. 

Each condenser has an internal diameter of 9 ft. 
and is 17 ft. long between tube plates. The cooling 
surface is 20,000 sq. ft., the tubes being of brass and 
0-75 in. external diameter. The design contains 
no very unusual features, but special consideration 
has been given to the effective distribution of the 
steam amongst the tubes, with the result that, on 
the official trials when the circulating water entered 
at 60 deg. F., the difference between the temperature 
of the exhaust steam and that of the outlet circu- 
lating water was only 4-7 deg. F. at full load, which 
is an exceptionally low figure. The air pumps are 
of the Worthington hydraulic rotary type, with 
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centrifugal operating pumps. A tubular cooler is 
fitted in the operating water tank to maintain the 
temperature of the operating water, and so to render 
renewal of this water unnecessary. When starting 
up a turbine, full vacuum can be obtained in a few 
minutes, as the air pumps are capable of ejecting 
very large quantities of air when the vacuum is low. 

The circulating pumps are of the slow-speed type, 
with 22-in. inlet branches and operating at 340 
r.p.m. Each pump is designed to deliver 9,200 
gallons per minute. The impellers are of gun- 
meta] and the pump casings are split horizontally to 
permit of easy inspection. The circulating water 
is of too dirty a nature to be suitable for sealing the 
pump glands, hence an independent supply of clean 
water is provided for this purpose. The circulating 
water, of course, comes from the River Irwell which 
flows alongside the station, and it is of such a nature 
that frequent cleaning of the condenser tubes would 
be necessary under ordinary conditions. The ample 
condenser surface provided and the comparatively 


low temperature of operation both minimise trouble 
from dirty tubes, but a special device has also been 
adopted by which ordinary soda ash can be intro- 
duced and circulated through the condensers by 
means of the circulating pumps. This scheme has 
proved very beneficial in reducing the cost and 
labour of cleaning condensers. 


TaBLe II.—Operating Results of Radcliffe Station. 

















an re est = 
Output. 

Total units generated, kw.-h. | 42,108,653 | 7,739,218 41,028 

Units used on works, kw.-h. 1,296,803 244,968 673 

Units delivered to feeders, 

kw.-h. -| 40,806,850 | 7,494,250 40,355 
Maximum load on feeders, 

kw. ° 30,940 31,480 _ 
Load ‘factor, per cent. . . 31-99 _ 
Alternating - current units 

used on works — 146,380 385 
Direct-current units used | 

on works -- 98,588 288 
Percentage of ‘units generated 

used on works . 3°17 8-17 1°64 

Fuel, &c. 
Total weight of coal burnt, 

b. -| 76,155,520 | 18,882,000 63,696 
Calorific value as received, 

B.Th.U. ° 12,214 12,220 12,200 
Coal per unit. generated, Ib. 1-809 1-78 1°55 
Coal per unit delivered, Ib. 1-866 1-84 1-578 
Flue as temperature leaving 

boilers, deg. ; -- _ 546 
Flue gas ceived leaving 
economisers, deg. F. ° _ 330 288 
COe per cent. in flue gases. . a _ 11°6 
Percentage of refuse to fuel — 10-69 — 
Steam. 
Gauge pressure at boilers, 

Ib. per sq. in ° 160 160 160 
Gauge pressure at turbines. . 150 160 150 
Temperature at boilers, 

deg. F. ° 622 520 | 524-6 
Temperature | ‘at turbines, 

+ 503 504 | 512-5 
| 
| Water. | 
Total evaporation, lb. . -|584,914,460 |109,122,500 | 529,190 
Evaporation per kw.-h. de- 

livered, Ib. ‘ ie 14-33 14°54 13-11 
Evaporation per kw.-h. 

generated, Ib. ° 13-89 14:1 _ 
Evaporation per lb. of coal, 

actual > 7°68 7-89 8°3 
Evaporation per Ib. of coal 

(from and at 212 deg.) . 0-45 9-7 10-26 
Temperature of feed water 

to heater, deg. F. ee -- 81-6 75°5 
Temperature 0! yoy water 

to economiser, deg. F. ..| 123-0 130-0 117-6 
Temperature of feed water 

boilers, deg. F. é ; _ — 208-3 

Vacuum, &c. 
a at turbine exhaust 

in ; 28-85 28-64 28-9 
Sempenane at turbine ex- 

haust, deg. F. ° 83-0 87-7 81°0 
Temperature of condensate, 

deg. F. ~ 75°8 68-0 
Temperature ‘of circulating 

water inlet, deg. F. P 51°1 60:3 43-6 
Temperature of circulating 

water outlet, deg. F. d 64-4 72°6 65-4 

Efficiencies. 
Boiler-house efficiency, per 

cent. , 74°74 75°75 81-3 
Turbine house, thermal effi- 

ciency, per cent. .. ° -- 20:7 22-68 
Turbine gg * Rankine 

efficiency, per cent. . _ 30-7 31°9 
Turbine Tose efficiency 

ratio _ 67°45 71-1 
Overall thermal efficiency, 

based = current delivered, 

15-01 15-21 17-71 
Bint nh in fuel per | kw.-h, 
delivered ' 22,791 22,484 19,251 











In addition to its ordinary dirtiness, the Irwell, 
like most other rivers, carries down leaves, straw 
and other things which it is desirable should be kept 
out of the circulating water system. To deal with 
such matter rotary screens are provided to protect 
the intakes, as illustrated in Figs. 19 to 21, on 
page 795. The circulating water intake pipes 
terminate in concrete chambers on the river bank, 
and in the side of each chamber which separates it 
from the river is a flat circular screen opposite 
each intake pipe. These screens are of stout wire 
netting and are slowly rotated by means of electric 
motors. More than half of each screen is above 
water level and the leaves, &c., which are arrested 
by it, mostly cling to its surface and are raised up 
out of the water. Before they enter the water again 
they come under the action of a row of water jets, 
directed outwards through the screen, and are washed 
off into special chambers which can be cleaned out 
when necessary. The arrangement works entirely 
satisfactorily and without more than occasional 
attention. 

Having now described the lay-out of the plant and 
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given particulars of the more important units we 
may turn to the consideration of the operating 
results. By the courtesy of the company we are 
able to give in Table II, on page 793, the operating 
results of the Radcliffe station in considerable 
detail. The table, as will be seen, comprises three 
columns, column A giving the average operating 
results over the six months ending June 30, 1922 ; 
column B giving similar information for the month 
of August last; and column C giving the results of 
a 2 hours’ test of the new plant, carried out on 
March 6, 1922, from 9.45 a.m. to 11.45 a.m. 

The results, as will be seen, are exceptionally 
good, and are all the more creditable to the manage- 
ment for the reason that they are attained without 
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Fig. 16. 


We would particularly direct attention to the 
efficiency of operation of the station as represented 
by the very low percentage of the total power 
generated which is used in the works. One fre- 
quently sees low coal consumptions claimed for 
power stations on the basis of the total number of 
units generated, but an admirable figure on this 
basis may look much less respectable when com- 
pared with the coal consumption per kilowatt-hour 
of net output. After all, the net output is the only 
thing that matters commercially, for there is no 
revenue obtained from the power used in the works, 
and frequently the latter is no inconsiderable pro- 
portion of the total. It will be noted that for 
months together the Radcliffe station has put on 
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the advantage of high boiler pressures or steam 
temperatures. There are, we believe, very few 
stations in this or any other country which could 
show a coal consumption of only 1-866 lb. per 
kilowatt-hour delivered to the feeders, as the average 
of six months’ consecutive working, and we doubt 
whether any, working with 160 lb. steam at 522 
deg. F., could find a place on the list. This, however, 
is what is being done at Radcliffe, and the fact enables 
the Lancashire Power Company to offer power to 
mills and other industries in the area at a price 
which compares favourably with the cost of power 
production in an isolated plant. 

The figures of pressure and temperature relating 
to the six months’ and one month’s tests respectively 
are the average of the readings taken at the usual 
short intervals throughout the periods in question. 
During these two periods the maximum load on 
the station frequently exceeded 30,000 kw., and 
thus the efficiency was somewhat lowered by the 
fact that to carry this load some of the older plant 
had to be put into operation. The 2-hour test, 
of which particulars are tabulated in the third 
column, refers to the performance of the new plant 
alone, which was carrying an average load of 
20,177 kw. during the test. The period of 2 hours 
is somewhat short for an efficiency test, but the 
difficulty of maintaining a steady full load on the 
plant for a longer period precluded a more extended 
trial. Nevertheless, many of the figures obtained 
are fully as significant as if they had been based 
upon a longer observation, and all important data 
may be checked against the six months’ and one 
month’s figures given in the previous columns of 
the table. During the 2-hours’ tests the steam 
consumption of the two 10,000-kw. units on the 
line worked out at an average of 12-2 Ib. per 
kilowatt-hour, on a total cutput of 41,028 kw.- 
hours. This corresponds to an efficiency ratio 
of 71-1 per cent., which, considering the low 
superheat and high vacuum, is very creditable to 
the turbine plant. 

The practical station engineer, however, is much 
more interested in the average results obtained 
over a long period of time, as a measure of the 
efficiency of the plant and of its operation, than he 
is in the figures of a short test however carefully 
conducted. It is for this reason that we are glad 
to be able to publish the six-months’ figures for the 
Radcliffe Power Station, which are well worth close 
study. 





me: 


“ss” 





station. It is further proved by the fact that over 
a six months’ run, every saleable kilowatt-hour 
was produced for the evaporation of only 14-33 Ib. 
of water in the boilers. This, it will be recognised, 
is an extraordinarily low figure; indeed it is not 
many years ago when it could not be equalled by a 
turbo-generator alone running under test conditions. 
Considering the low pressure and temperature of the 
steam, to operate a whole power station, for six 
months on end, for an expenditure of only 14-33 Ib. 
of steam per kilowatt-hour delivered, is a matter 
of great credit to the management and the operating 
staff. They could not, of course, have done it 
without good and well-arranged equipment, but there 
are only too many large stations,* with at least 
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Fies. 16 ro 18. GENERAL ARRANGEMENT OF 10,000-Kw. TuRBO-GENERATOR 
AT RADCLIFFE POWER STATION. 


to the feeders nearly 97 per cent. of the total elec- | equal facilities, where nothing approaching these 
tricity generated, and good as this figure is, it is | results is attained. 


likely to be improved upon in the future when the 
older and smaller generating sets are discarded, for 
when the newer plant alone was in service, and 
running at full load, the percentage of useful power 
was no less than 98-36 of the total. The Radcliffe 
station is fortunate in requiring no coal elevator or 
cooling towers, which between them account for 
quite a lot of power consumption in some plants, 
and the efficiency of its induced draught arrange- 
ments is another point in its favour. 

The high proportion which the saleable electric 
power bears to the total electric power generated 
is, moreover, not attained by the use of much steam- 
driven machinery for auxiliary purposes. This is 
evident from a reference to the equipment of the 


‘condition to supply power. 


The present efficiency of the station as shown by 
the consumption of coal per kilowatt-hour is illus- 
trated diagrammatically in Fig. 22, on page 795. 
The number of pounds of coal burnt per 8 hours’ 
shift are plotted vertically over a horizontal scale de- 
noting the electrical outputs per shift. The straight 
line shown on the diagram is drawn through the 
plotted points, and therefore represents the average 
| performance of the station. The equation to this line 
is C = 18,500 + 1-62 K, in which C represents the 
pounds of coal per shift, and K the corresponding 
electrical output. The equation shows that 18,500 
lb. of coal are consumed per shift to provide for 
standby losses and to maintain the plant in a 
This, it may be said, 
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is a very moderate figure for a station of the size 
of Radcliffe, and points to the care taken to eliminate 
as far as possible all waste of heat and steam. 
The coa! usefully employed is 1-62 lb. per kilowatt- 
hour, whatever the station output. This, again, 
is an excellent figure. The curved line on the 
diagram shows the quantity of coal burnt per 
kilowatt-hour, including that which goes to make 
up the standby-losses. This, as will be seen, is less 
than 2 Ib. per kilowatt-hour for all outputs greater 
than 50,000 kw.-hours per shift. It is tending to a 
minimum of 1-62 Ib. per kilowatt-hour, a consump- 
tion which would be recorded with an output so 
large that the constant losses are negligible in 
comparison. Taking the calorific value of the 
fuel as 12,200 B.Th.U. per pound, the whole station 
is obviously tending towards an overall efficiency 
of 17-6 percent. This, of course, includes the whole 
of the plant in present use, and an even better 
figure would be obtained were it possible to carry 
the load without recourse to the older machines. 

The design of the Radcliffe station is due to 
Dr. H. F. Parshall, the consulting engineer to the 
Lancashire Power Company. To him, and to 
Mr. C. D. Taite, M.I.E.E., the engineer and manager 
of the company almost since its inception, we are 
indebted for the facilities afforded us to prepare a 
description of the station, and our thanks are also 
due to Mr. M. H. Adams, A.M.I.Mech.E., the 
resident engineer at Radcliffe for his courtesy 
in providing us with such full information con- 
cerning the exceptionally good results obtained 
from the plant under his management. 
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THE MOSSEND STEEL WORKS AND 
ROLLING MILLS. 
(Concluded from page 704.) 


Tue rolling-mill plant, which is certainly one of 
the most complete and up-to-date installations in 
the country, was mainly designed and constructed 
by Messrs. Andrew Lamberton and Co., of Coat- 
bridge. In Fig. 45, on Plate XLVIII, we illustrate 
the cogging mill to which the ingots are delivered 
by the electrically-propelled ingot car described on 
page 643 ante. This mill has rolls 36 in. in diameter 
and 7 ft. long, and is driven directly by one of the 
three 12,000-h.p. engines, described in the previous 
article; it is designed to deal with ingots up to 
6 tons in weight. The pinion stand, visible on the 
extreme left of Fig. 45, is fitted with steel pinions 
running in a totally-enclosed housing, having large 
bearings for the pinion necks. The teeth are 
lubricated by oil supplied in a continuous stream 
from a centrifugal pump, the oil being drawn from 
the bottom of the housing and delivered to the teeth 
after passing through a filter; the pinion neck 
bearings are also lubricated by a continuous flow of 
filtered oil. The mill-driving spindles are supported 
on special flexible bearings, that for the upper, 
or rising, spindle being hydraulically operated, 
while the lower one is spring-controlled. The roll- 
neck bearings are carried in steel chocks and are 
provided with both vertical and horizontal adjust- 
ments. As will be gathered from Fig. 45, the roll- 
drafting gear is electrically operated, the motor for 
this being mounted on the right-hand roll housing, 
while the dial indicator, showing the position of 
the upper roll, is placed on the left-hand housing 
and is clearly visible in the illustration. The screws 
for raising and lowering the roll are driven by high- 
efficiency worm gearing running in closed oil baths. 

Live-roller gear conveys the ingot from the ingot 
car to the mill and also moves it backwards and 
forwards through the mill as its section is reduced. 
The live-roller gear is driven by electric motors 
through machine-cut spur and mitre gearing. Quick- 
acting hydraulic manipulators are provided on both 
sides of the mill, as shown in Fig. 45, for turning 
the pieces through either 90 deg. or 180 deg., as may 
be required, and also for placing them opposite the 


passed. 

From the cogging mill, the rolled bloom is conveyed 
by live-roller gear to the hot-bloom shears, which 
can be seen in the distance through the mill housings 
jin Fig. 45. The shears, which are illustrated 








particular groove through which they are to be | 


| separately in Fig. 46, on Plate XLVIII, are placed 
| 85 ft. from the cogging mill. They are capable 
of cutting blooms up to 20 in. by 14 in. in section, 
| and comprise a vertical hydraulic cylinder which 
operates the upper blade in conjunction with a fixed 
lower blade. The ram of the hydraulic cylinder.is 
24 in. in diameter and has a stroke of 15in. Hydraulic 
pressure is supplied at 750 lb. per square inch, but 
this is increased by means of a steam intensifier, 
having a steam cylinder 54 in. in diameter with a 
piston stroke of 96 in., to 4,700 lb. per square inch, 
so that a maximum cutting force of 1,000 tons can 
be obtained. The steam pressure is, however, 
reduced automatically to that required for each 
individual cut, in order to keep the steam consump- 
tion down to the minimum. The cut blooms and 
crop ends are removed from the shears by means of 
a series of endless chains which run on a rising and 
falling table, the short crop ends being pushed on 
to this table by the hydraulic ram shown in front 
of the shears in Fig. 46. By means of the endless 
chains, they are drawn on to a fixed table from 
which they are lifted by an overhead trolley, de- 
posited into charging boxes and returned to the 
melting shop for use as scrap. 

The blooms are conveyed on live rollers, to the 
first stand of the roughing and finishing mills. 
These mills, which are 270 ft. distant from the 
cogging mill, are illustrated in Fig. 43, on page 796, 
and the first roughing stand is that on the left of 
the illustration. All the rolls are 32 in. in diameter, 
and of the three stands shown, the first or roughing 
mill reduces the bloom approximately to the rect- 
angular dimensions required, while in the second 
stand the shape of the section is roughly formed, 
the final exact form being produced in the third or 
finishing stand. The design of the roughing and 
finishing mills is generally similar to that of the 
cogging mill. As mentioned in the preceding 
article, the first and second roughing mills are 
driven by one of the rolling-mill engines and the 
finishing mill is driven by a separate, but similar, 
engine; provision is made, however, so that all 
three stands can be driven from either of the 
two engines if necessary. The first roughing stand 
is fitted with electrically-operated drafting gear 
similar in design to that of the cogging mill. On 
the receiving and delivery sides of all three mills, 
a complete set of live-roller gear, driven by electric 
motors, is provided, and the arrangement of this can 
best be followed from the plan reproduced in Fig. 2 
on Plate XXXIII published with our issue of 
October 13 last. For conveying the sections later- 
ally from one set of live rollers to another, skids 
operated by wire ropes are employed. These skids, 
and the mechanism for operating them, can be dis- 
tinguished in Fig. 43, but their design is similar 
to those used on the cooling bank which will be 
described more fully later. Each stand of rolls 
is provided with hydraulic manipulators on both 
the receiving and delivery sides, and on the receiv- 
ing side of the finishing stand there is an inclined 
roller chut> for carrying up the long bars. The 
mills, live rollers, manipulators, and skid gears are 
all controlled by operators from two overhead 
platforms, one on each side of the mill, shown in 
Fig. 43, the platforms being suspended from the 
roof girders so as to leave the floor quite clear. 
All the motors are operated by master controllers 
in conjunction with automatic contactor switches. 

The plant is arranged so that, while the rolls of the 
finishing mill are being changed, billets can be pro- 
duced by the first roughing stand. A live-roller 
rack in line with the run-out table of this mill 
carries the billets to a hot saw, where they are cut 
to length and pushed on to an inclined cooling 
bank by means of an hydraulicram. After cooling, 
the billets can be loaded directly into wagons by 
means of a 15-ton electric overhead crane, or, if 
short lengths are required, the billets can be cut by 
a cropping machine located close to the cooling bank. 
The whole arrangement will be clear from an inspec- 
tion of Fig. 2 above referred to. 

When some special sections are being rolled, it is 
necessary to reheat the blooms travelling from the 
cogging mill to the first roughing mill, and for this 
purpose an oil-fired furnace, measuring 20 ft. wide 
and 35 ft. long internally, is provided. The furnace 
is heated by eight burners on the Howden-Burdon 
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ROLLING-MILL 


system, four burners being fitted at each end. The | 
blooms to be reheated are lifted from the live rollers | 
running between the bloom shears and the first 
roughing mill by means of a 3-ton electric overhead | 
charging machine, which places them in the furnace | 
and replaces them on the rollers after re-heating. | 
The charging machine runs at right angles to the | 
live roller rack and parallel with the front of the 
furnace, so that the blooms can be charged into the | 
furnace without slewing the machine. 
The sections from the finishing mill travel on a | 
live roller rack some 530 ft. in length to the cooling | 
bank, before reaching which they are cut to length | 
by two hot saws. The first of these saws is | 
located 250 ft. from the mill and the second, | 
which is illustrated in Fig. 44 annexed, is situated | 
400 ft. from the mill. The sections rolled to long | 
lengths are parted by the first saw and the two 
parts are separately, but simultaneously, cut up | 
to the finished length required by both saws. The | 
saws, which are 60 in. in diameter, are driven by | 
belt from an electric motor at 950 r.p.m., and, | 
as will be seen from the illustration, both saw | 
and motor are mounted on a bedplate provided 
with a travelling motion at right angles to the | 
direction of the roller rack for feeding the saw | 
through the work. These machines were made by 
Messrs. Clifton & Waddell, of Johnstone. 
The cooling bank and loading banks, with which we | 
now propose to deal, form one of the most interest- 
ing features of the plant, th»ir design and arrange- 
ment being uncommon in this country, although 
largely employed in modern American steel works. 
The general arrangement of this part of the 
plant is best shown in Fig. 2 on Plate XX XIII ante, 
and from this it will be seen that the cooling bank, 
which measures 122 ft. wide and 93 ft. from back 
to front, is situated on the northern side of the 
delivery live-roller rack from the hot saws. The 
bank is of ample capacity for the present output 
of the plant, but space has been left on the southern 
side so that it can be duplicated in the future if 
necessary. A photograph of the bank is reproduced 
in Fig. 47 on Plate XLIX, and in this illustration 
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Fie. 44. ELrorricatty-Driven Hor Saw. 


the live-roller rack on the left-hand side is that on 
which the hot sections are delivered from the saws. 
The bank itself is formed of a series of skid-rails 
consisting of 6 in. by 1} in. flats placed on edge at 
3 ft. centres. The skid rails are loosely supported 
on stanchions, each composed of two 6 in. by 2} in. 
channels, placed back to back, so that the rails 
are free to expand and contract. The length of the 
columns is such that the upper edges of the rails 
are 6 ft. 3 in. above the ground-level, and this 
allows a free circulation of air below the hot 
bars, as well as above them, so that they are 
rapidly and uniformly cooled with the minimum of 
distortion. 

The bank is worked in two separate parts, each 
of which, as shown in the plan reproduced in Fig. 51 
on page 797, is provided with electrically-operated 





haulage gear for pulling the bars on and off the 
skid rails. In each half of the bank, two sets of 
four carriages run on joists between the skid rails, 
and these carriages are attached to wire ropes 
wound round winding drums at the northern side 
of the bank and passing over pulleys at the southern 
side; one set of carriages is visible on the extreme 
left of Fig. 47. The carriages can be drawn in 
either direction by the winding drums, which are 
operated by electric motors, as shown in Fig. 51, 
and by means of vertical dogs, extending upwards 
from the carriages above the level of the skid rails, 
the hot bars can be moved about as desired. The 
motors driving the winding drums are controlled 
by operators working on overhead platforms. 
and it should be explained that arrangements are 
made whereby the vertical dogs can be folded down 
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on to the carriages to enable the latter to pass 
under the bars on the bank without moving them. 
It is also possible to bring the four dogs of each set 
of skids into exact alignment without adjusting 
the lengths of the ropes. 

The method of working the bank is as follows :-— 
As each bar comes along on the live-roller rack from 
the hot saws, it is pushed by one set of skid dogs 
on to the first part of the bank, the second set of 
dogs on the same part of the bank being used to 
spread the bars along the bank into their final 
positions. When the first part of the bank has been 
filled in this way, the same operations are carried 
out on the second part of the bank. While the latter 
is being filled with hot bars, the bars from the back 
of the first part of the bank, which by this time have 
cooled sufficiently, are drawn by one set of skid dogs 
on to a live-roller rack at the back of the bank, 
the other set of dogs being used to feed up the 
cooled bars to the set which is drawing them 
off. By alternately filling and clearing the two 
parts of the bank in this way the whole out- 
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Fie. 51. 


put of the 
tinuously. 
The live-roller rack at the back of the cooling 
bank, shown in the plan, Fig. 51, conveys the bars 
to the loading and inspection bank, which is illus- 
trated in Figs. 48 and 49, on Plate XLIX. This 
bank, which extends for a total length of 420 ft. 
and measures 344 ft. 6 in. from back to front, is 
divided, as shown in Fig. 48, into seven bays, each 
60 ft. wide. The bars are drawn from the live 
rollers by skid gears similar to those described above 
in connection with the cooling bank, and are piled in 
the particular section of the loading bank reserved 
forthem. The piling bed, clearly shown in Fig. 48, 
is generally similar in design and construction to 
the cooling bank, and extends 25 ft. into the loading 
bays; both the piling bed and the live-roller rack 
from the cooling bank are placed under cover. From 
the piling bed, the bars are lifted by 5-ton electric 
overhead cranes, one of which is provided for each 
bay, and either temporarily stored on the ground or 
deposited directly on to railway wagons for despatch. 
The crane gantries, shown in Fig. 49, span four lines 
of railway track situated at the southern end of the 


mills is dealt with rapidly and con- 
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pass | bank, ik, the tracks running at right a oe ‘to the 
gantries as indicated in Fig. 2 on Plate XX XIII, ante. 
Two heavy double-ended straightening machines, 
capable of dealing with the largest British Stan- 
dard sections, are provided in convenient positions 
and a smaller machine is also installed for straight- 
ening lighter sections. 

Steel rails now form a considerable portion of the 
production of the mills, and the plant for finishing 
these is located at the end of the loading gantries, 
as shown in Fig. 50 on Plate XLIX, the rails being 
transferred from the loading banks to the finishing 
plant by the overhead cranes used for loading 
sections. The plant, which is housed in the build- 
ings visible in the background of Fig. 50, includes 
a double-ended straightening press, two ending 
machines, and two four-spindle drilling machines, 
all of which were supplied by Messrs. Craig and 
Donald, Limited, Johnstone. The skids for handling 
the rails at the machines are constructed of rails 















mounted on concrete walls placed at 10 ft. centres, 
and these provide sufficient storage space between 
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the various operations. At present, the finished 
rails are placed by hand on the inspection banks, 
shown in the foreground of Fig. 50, and afterwards 
loaded in the same way on to wagons for despatch ; 
but arrangements are now being made for loading 
by means of overhead cranes. The output of the 
rail plant is about 1,000 tons per week, but space 
has been reserved for duplication. There is also 
a smaller rail-finishing plant, capable of dealing 
with about 500 tons per week, located in one of the 
section loading bays. In connection with the rail- 
finishing plant we should mention that a plant for 
the production of fish-plates has recently been 
installed in a separate building situated between 
the new and old works, the fish-plates being rolled 
in the latter. The plant comprises an oil-fired 
reheating furnace, a hot saw, and two double- 
ended punching and straightening machines, with 
the usual equipment of grinding machines, oil 
baths, &c. 

The works are, of course, equipped with the usual 
offices, chemical laboratories, test houses, repair 
shops, &c., but these call for no particular comment. 





In the series of articles, of which this is the con- 
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jain we have aaa to direct attention 
mainly to those features of the design and arrange- 
ment of the plant and buildings which appear to be of 
general engineering interest. Such features are 
naturally very numerous in a modern steel works 
of the magnitude of that with which we have been 
dealing, so that the description of them has occupied 
considerable space. For this reason we have been 
unable to refer in detail to the many points of more 
particular importance to metallurgists, steel works 
managers, and others directly concerned with steel 
manufacture on a large scale. We trust, however, 
that some of the latter may have been able to draw 
useful and interesting comparisons between the 
plant and system of working at Mossend with those 
of other works. In conclusion, we wish to express 
our indebtedness to Mr. G. T. Neilson, the general 
manager of the works, for supplying us with the 
illustrations and particulars from which our articles 
have been prepared, and to both Mr. Neilson and 
Mr. Val B. Stewart for the facilities afforded us on 
the occasions of our visits to Mossend. 








FULLAGAR ENGINE PATENTS PROLONGED. 

In the High Court of Justice recently application 
was made for the prolongation of three patents relating 
to engines. The unusual point about the case 
is that the petition was presented and heard about two 
years and eight months before the expiry of two of the 
patents, notwithstanding which the Court extended 
their term. The decision is very important, because 
according to common practice the Court does not 
usually grant an extension of a patent until a period 
much nearer the end of its life. Inventors, therefore, 
of patented apparatus which is costly to produce, may 
well consider whether, under the decision, applications 
for extension of their own patents might not be pre- 
sented at an earlier stage than might heretofore have 
been deemed appropriate.* 

The first patent, No. 6102/09, had for its object to 
increase the number of impulses per revolution in 
internal combustion engines having oppositely moving 
pistons, the cylinders being arranged in pairs with their 
pistons eross connected by outside diagonal driving 
rods. The specification illustrates a two-stroke engine 
in which four sets of pistons drive two pairs of cranks 
arranged 90 deg. apart, the cranks of each pair being 
set at 180 deg. The appropriate pairs of pistons 
are connected by tie rods, one set being connected to 
the driving shaft in addition. The exhaust gases are 
expelled through suitable ports by air admitted from a 
common reservoir, and oben using producer or other 
gas the explosive mixture may be admitted through a 
central valve-controlled port or through a series of 
piston-controlled ports located near the air ports. 
Arrangements are described for the use of liquid fuel 
and for scavenging. 

The second patent referred to in the petition 
No. 6751/09 related to tandem cylinder engines in 
which the pistons of cross connected cylinders are 
acted upon simultaneously by the same impulse, and 
consists in so arranging the cylinders and the cross- 
over connections as to avoid sudden changes of area and 
direction in the connected cylinders. In the four- 
cylinder engine of the two-stroke type illustrated in 
the specification the cross-over connections are formed 
in a separate casing, each pair of tandem pistons being 
connected by outside rods to move in unison. An 
electrically-driven fan is provided for supplying low- 
pressure air for scavenging and the formation of the 
charge and air for starting may be admitted through 
the gas valves. 

A third patent was considered, dated 1913. This 
relates to the method of supplying the air neces- 
sary for scavenging and charging when using the 
two-stroke cycle. The grounds on which the petition 
was founded were based on the results of hostilities. 
It was shown that the inventions related to a new type 
of opposed piston engines suitable for operation with 
either gas or liquid fuel, and available, among other 
things, for aeronautical purposes. The position was 
complicated by the grant of licences and the fact that 
the engines were very costly to construct, had hampered 
exploitation and development of the patents. The 
operations of the licensed companies had been hindered 
by the absence of directors and staff in connection with 
war matters. Affidavits supporting the facts were 
filed on behalf of the patentees by important engineers 
and an extension of five years only was requested. The 
Crown did not oppose this extension. 

The Court came to the conclusion that applicants 
proved they had suffered a loss by reason of the war 
and that it was equivalent to five years of the patent 
term. Owing to the very great cost of developing the 





* The case is dealt with at length in the official decisions, 
R.P.C., vol. 39, No. 15. 
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patents and constructing the engines, persons who 
would ordinarily be prepared’ to, undertake the risk if 
there were a considerable monopoly period left would 
be deterred from doing so at the present time. The 
Court therefore granted five years’ extension in respect 
of the 1909 patents. As regards the third patent, 
which is four years later and only an improvement 
patent, the learned Judge made no order. 








REPAIRS TO DOUBLE-REDUCTION 
MARINE . GEARING. 


In view of the numerous cases of trouble which have 
oceurred in connection with the running of double- 
reduction gearing at sea, the following particulars as to 
repairs carried out on a set of double-reduction marine 
gearing will be of interest. The vessel concerned was 
the S.S. Lieutenant de Missiessy, built in the United 
States in 1917 to the order of the American Emergency 
Fleet Corporation, and afterwards sold to the Messa- 
geries Maritimes Company, who are the present owners. 
‘The vessel has a length of 380 ft., a beam of 54 ft., 
and a depth of 29 ft. 8 in., her capacity being 8,770 tons 
deadweight. She is fitted with oil-fired boilers and 
a single Curtis turbine developing 2,500 s.h.p. at 











3,380 r.p.m. This speed is reduced to 90 r.p.m. on 
the single propeller shaft, by means of the gearing in 
question. 

In May, 1921, the original gearing gave out, and the 
owners consulted the Power Plant Company, Limited, 
of West Drayton, Middlesex, on the question of repair 
or renewal of the gears. An inspection of the teeth 
made it clear that there was no option in the matter, 
as the damage was too great for anything but complete 
renewal. This was therefore decided on, and the 
question then resolved itself into that of the best and 
cheapest way of carrying out the work, taking into 
consideration the advisability of reducing the tooth 
pressures if possible. In the original gearing there was 
a space of 6 in, between the adjacent ends of the helices 
of the low-speed gearing, and of 4-5 in. between those 
of the high-speed gearing. By adopting continuous 
double-helical teeth, as cut on the Sykes’ patent gear 
generating machine, these spaces were eliminated, 
the teeth being not only longer by the amounts men- 
tioned but considerably stronger on account of their 
continuity. In addition to the extra tooth length 
obtained by the Sykes’ gear, the gears were further 
increased in width as much as the existing casing 
would allow, the working pressure per inch of face 





being thereby reduced very materially, as the following | 


tables show :— 


TaBie I.—Characteristics of Gearing for S.S. “ Lieutenant 
de Mussiessy,” 2,500 h.p., 3,380 r.p.m. to 90 r.p.m. 

















First Reduction. Second Reduction. 
Original 
Gearing. 
Wheel.| Pinion.|Wheel.| Pinion. whee! | Pinion. 
No. of teeth 346 | 47 | 346 43 219 | 43 
aaa yee weeqyeee | Saige 
Centres, in. a 32-75 32-75 32-75 32-75 
Circular pitch, 
are ..| 0-523] 0-523 | 0-522) 0-785 | 0-785) 0-785 
Helix angle, deg.| 25 25 25 25 25 25 
Pressure angle, 
deg. .. 4 - 38 15 15 20 20 20 
Face width, in. | 12} 123 | 123 28 28 28 
Pitch line velo- 
city, ft. per 
min. . -| 6,920 6,920 | 6,920 1,290 | 1,290 1,290 
Tooth pressure. 
wm 6s .-| 5,950 | 5,950*) 5,950 | 32,000 | 32,000) 32,000 
Pressure per inch e 
of face 486 486*| 486 | 1,142 |1,142*| 1,142 
Revs. per min...| 458 | 3,380 458 458 90 458 
Pitch diameter. 
. er . 157-666) 7-833 157-666) 10-75 [54-75 | 10-75 
Addendum, in. 0-115} 0-115 | 0-115] 0-230 | 0-230) 0-23 


























TaBie Il.—New Gearing fitted into Old Gear Case by the 
Power Plant Company, Limited, West Drayton, Middlesex. 





Firet Reduction. Second Reduction. 























Original 
Gearing. 
Wheel.| Pinion.|Wheel.| Pinion. Whee | Pinion, 
! 
No. of teeth suo | 47 | gen] 43 | 219 | 43 
+ Qaneees ye _—o_- 

Centres,in. . 82°75 32-75 32-75 32-75 
Cireular pitch, 

in. es .«| 0-523] 0-523 | 0-528] 0-785 | 0-785) 0-785 
Helix angle, deg.| 30 30 30 30 30 30 
Pressure angle, 

dec. .. --| 20 20 20 20 20 20 
Face width, in. | 143 143 | 142 33 33 33 
Pitch line velo- 

city, ft. per 

min. .. --| 6,920 | 6,920 | 6,920 | 1,290 | 1,290 | 1,290 
Tooth pressure, 

md 5,950 | 5,950*| 5,950 | 32,000 /32,000) 32,000 
Pressure per inch bd 

of face ea 404 404*| 404 970 970* 970 
Revs. per min. 458 | 3,380 458 458 90 458 
Pitch ciamete:, | 

in. oi ..|57°666) 7-833 |57-666)10-75 [54-75 |10-75 
Addendum, in. | 0-148 0-148 | 0-148} 0-222 | 0-222) 0-222 














* NorE.—In these cases pinion and wheel respectively are twice 
in engagement, thus the above pressures are obtained on each 
side of same. 


The state to which the original gear had been reduced 
is shown by the accompanying figure. This is from a 
photograph of a part of the rim of one of the elements of 
which the original gear. wheels were com The 
clearness of the illustration has necessarily suffered in 
reproduction, but the original shows the teeth to have 
been hammered and worn into a condition which must 
have made their operation a terrifically noisy and 
hazardous undertaking. The new gear was fitted in 
the original casing by the Power Plant Company with- 
out disturbing the casing in the vessel. The saving of 
expense by this procedure was very gratifying to the 
owners, who have also expressed themselves as perfectly 
satisfied with the behaviour of the new gearing, which 
has now seen twelve months’ service at sea. 





Tue AIRE AND CALDER NaviGaTion.—The story and 
the present condition of the Aire and Calder Navigation 
were interestingly related in the course of a lecture 
delivered to the Students’ and Graduates’ Section of the 
Institute of Transport, on the 19th inst., by Mr. W. H. 
Breach. This Navigation, as is well known, is one 
of the few successful canal undertakings in the country, 
and the influences which have worked to place it in this 
enviable position were well brought out in the course 
of the lecture. The company dates back to 1698, and 
it was established largely on account of the requirements 
of the woollen industry. The policy from the first was 
&@ progressive one, and the canal system controlled was 
constantly being improved and the activities of the 
concern extended. e company early adopted steam 
towing. admitted the railways to the facilities of the port 
they had developed, and were constantly engaged upon 
steps taken with a view to increase thoir trade. Before 
the war a cargo handed over at Leeds one afternoon 
could be delivered to a steamer at Goole or Hull the 
following forenoon. Now, owing to the boatmen not 
working at night, an extra 24 hours is required. While 
this affects Leeds, the service from Bradford to the port 
is to-day no longer than formerly as a motor service inaugu- 
rated by the company makes up between Bradford and 
Leeds the time now lost between Leeds and the sea. The 
lecturer described the method of conveying trains of coal 
in compartment boats, and the tipping arrangements at 
Goole. The activities of the Navigation as actual carriers, 
as navigation owners and toll-takers, as river conserva- 
tors, and as property owners, were well told, the lecture 
being well illustrated by excellent lantern slides, which 
were much enjoyed. 
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INDUSTRIAL NOTES. 


THE Ministry of Labour state that employment con- 
tinued to be bad during November, and showed little 
general change as compared with the previous month. 
A further improvement was reported in the coal-mining 
and pig-iron industries, and employment also improved 
in tin plate and steel sheet manufacture and in some 
sections of the metal trades. In the building trades, 
however, there was a decline, and a further decline was 
reported in the cotton trade. The percentage un- 
employed among members of trade unions from which 
returns are received was 14-2 at the end of November, 
as compared with 14 at the end of October and 15-9 
at the end of November, 1921. The percentage un- 
employed among workpeople insured under the 
Unemployment Insurance Act was 12-4 on Novem- 
ber 20, as compared with 12 on October 23. The total 
number of workpeople registered at the Employment 
Exchanges as unemployed on November 27, in Great 
Britain and Northern Ireland, was approximately 
1,437,000, of whom 1,156,000 were men and 201,000 
were women, the remainder being boys and girls. 
At the end of October the number on the live register 
was 1,385,000, of whom 1,130,000 were men and 176,000 
were women. The number of vacancies notified by 
employers to Exchanges and unfilled on November 27 
was 13,500 (of which 3,900 were for men and 7,600 for 
women), compared with 13,700 on October 30. 





The fall in wages continued during November, but 
both the number of workpeople affected and the total 
amount of reduction recorded were much less than in 
any previous month since March, 1921. In the 
industries for which statistics are compiled by the 
Labour Department the changes reported resulted in 
an aggregate reduction of 70,0001. in the weekly full- 
time rates of wages of 570,000 workpeople, and in an 
aggregate increase of nearly 32,0001. in the wages of 
over 530,000 workpeople. The principal changes 
affected coal-miners and men employed in the ship- 
building industry. The wages of coal-miners were 
increased by about 3 per cent. on current rates in 
Durham and in the Yorkshire and East Midland area, 
and there was also a slight increase (equivalent to less 
than } per cent. on current rates) in Northumberland. 
In federated shipbuilding yards two general reductions 
were made in the wages of piece-workers, and of time- 
workers rated at more than 37s. 6d. per week. In the 
case of piece-workers and of the higher-paid time 
workers the total reduction was 5s. a week. For the 
lower-paid men on time rates the reduction was less, 
diminishing with the weekly time rate. Apart from 
coal-miners, the principal groups of workpeople whose 
wages were increased in November were iron ore miners 
and blast furnace workers in Cumberland. The 
adoption of standardised rates of wages for railway 
shopmen in Scotland resulted in increases for some 
men and decreases for others. Other reductions 
affected steel smelters, electric cable makers, ship 
repairers in South Wales, and letterpress printers in 
the principal provincial towns in England and Wales. 
As a result of Orders under the Trade Boards Acts 
there were reductions in the minimum wages fixed for 
various classes of workpeople in several trades. Since 
the beginning of 1922 the changes in the rates of wages 
reported to the Labour Department have resulted in a 
net reduction of nearly 4,200,000/. in the weekly full- 
time wages of over 7,500,000 workpeople, and a net 
increase of nearly 11,500]. in the weekly wages of 
about 74,000 workpeople. 

The number of trade disputes involving stoppages of 
work, reported to the department as beginning in 
November, was 34. In addition 21 disputes which 
began before November were still in progress at the 
beginning of the month. The total number of work- 
people involved in all disputes in November (including 
those workpeople thrown out of work at the establish- 
ments where the disputes occurred, though not them- 
selves parties to the disputes) was about 9,000, as 
compared with 14,000 in the previous month and 35,000 
in November, 1921. The estimated aggregate duration 
of all disputes during November was 68,000 working 
days, as compared with 186,000 days in October, 1922, 
and 228,000 days in November, 1921. The number 
of disputes in progress in November, 1922; both the 
number of workpeople involved and the time lost by 
such disputes were lower than in any month since 
the early part of 1917. Since the beginning of 1922 
the stoppages of work, owing to trade disputes, reported 
to the department, have involved over 550,000 work- 
people. ‘The aggregate duration of the stoppages has 
been nearly 20,000,000 working days. 


A statement issued on behalf of the Mining Associa- 
tion says it seems still necessary to impress upon the 
coal miners that the agreement is not a charm by 
which trade can be restored and wages increased, 
but an instrument by which they should secure the 
most generous possible share of the proceeds at all 
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times, good or bad. The statement adds the following | _ 


recapitulation of what the agreement does for the 
miners : (1) It ensures a minimum wage at a fixed per- 
centage in times of bad trade. (2) It ensures to them, 
as a first charge upon the industry, a standard wage 
equivalent to 100/., as against a standard profit to the 
owners of 171., and a further 83 per cent. of any surplus 
which may exist after other production costs have been 
met. No matter how great the proceeds of the industry 
might be in any district, the men would take the bulk 
of them in wages after standard costs had been paid. 
(3) It provides a system of accountancy whereby 
expenditure and receipts are periodically examined and 
checked by auditors appointed on behalf of the miners 
themselves. 


On December 1 the average level of retail prices 
of all the commodities taken into account in the 
statistics prepared by the Ministry of Labour (including 
food, rent, clothing, fuel, light and miscellaneous items) 
was approximately 80 per cent. above that of July, 
1914, or about the same as on November 1. 


Mr. W. Straker, the secretary of the Northumberland 
Miners’ Union, has recently issued the following figures 
as the wages of coal-getters per day, in November :— 


’ 


8. a. 
Bristol eis 7 2-27 
Cumberland 8 3-45 
Derbyshire Il 5-57 
Durham 8 10-78 
Forest of Dean 7 5-10 
Kent cain 10 4-74 
Lancashire and Cheshire ; 9 10-8 
Leicester 10 2-58 
Cannock Chase 10 2-53 
Warwickshire eH . 10 0-38 
S. Staffordshire and Shropshire 9 0-24 
Northumberland , 9 11-18 
North Wales 8 5-45 
Nottingham 11 9-87 
North Staffordshire 8 6-96 
Scotland ; 8 4-8 
Somerset .... _ , 6 11-67 
South Derbyshire 9 3-82 
South Wales 3 al 8 9-6 
Yorkshire, West : ; 9 3-82 
Yorkshire, East 10 0-38 
Yorkshire, South 10 4-67 


Pelsall 10 2-52 


The national conference of miners’ delegates, called 
by the Miners’ Federation of Great Britain, was held 
in Southport on Thursday, the 21st inst., as announced 
in our last issue. The chair was taken by Mr. Herbert 
Smith. The Executive gave an account of the recent 
negotiations with the owners, and -mentioned the 
negative result of their appeal to Government ; some 
delegates advocated the cancelling of the existing 
agreement, whilst others, including the chairman and 
Mr. F. Hodges, defended its broad principles, stating 
that they were not anxious to scrap its framework, 
although agreeing that improvements might be 
embodied into it. No final decision was arrived at, 
and at the close of Thursday’s proceedings the following 
statement was issued: “The secretary gave a report 
on behalf of the Executive of the negotiations with the 
coalowners and the Government, after which there 
was a discussion on the report and the existing national 
agreement, and also upon the whole economic position 
of the industry. It was decided to adjourn the con- 
ference until to-morrow (Friday) morning (Decem- 
ber 22), and in the meantime the Executive will meet 
and prepare a resolution for the consideration of the 
conference, expressing their view as to what ought 
to be done to meet the entire position.” 





The national conference on Friday, the 22nd inst., 
by a large majority decided to adjourn action on the 
wage question until after the meeting of Parliament 
in February next. The following resolution was 
passed : “‘ That this conference, having heard the re- 
ports from the districts as to the conditions of poverty 
prevailing therein, and having received a report from 
the Executive as to the attitude of the owners and 
the Government in regard to the wage question, stands 
adjourned until after the House of Commons re- 
assembles in order to receive a report as to the further 
attitude of the Government in relation to the low wage 
prevailing in the industry, and arising therefrom to 
decide what course of action shall be recommended, by 
the adjourned national conference, to the districts.” 





Coat In Catna.—The Kailan Mining Administration 
announces that the total output of the Administration’s 
mines, for the week ending October 14, 1922, amounted 
to 76,232-00 tons and the sales during the same period, 
to 79,150-00 tons. 








ENGINEERING, 
YEAR BOOKS AND ANNUALS. 
Calvert's Mechanics’ Almanack, 1923.—Weight of 
years in an annual publication is in itself evidence of 
merit, and Mr. Frank Nasmith and Mr. James 
McLachlan, the editors, are to be congratulated on the 
appearance of the fiftieth issue of this pocket book or 
almanac. As its name implies, the publication is 
intended for the shopman. Certain tables of the class 
familiar in pocket books are given, but they are well 
selected, and those that appear are only such as are 
likely to be utilised by an intelligent foreman. There 
is nothing about the conversion of ounces per square 
yard into grammes per square metre. Among the 
comparatively few tables given is a very useful one 
giving the weights per cubic yard, &c., of materials 
likely to be met with in practice, such as dry earth, 
coal of various classes in the heap, clinkers, &. The 
book contains many sketches of shop methods for 
dealing with difficult or unusual problems, of which, as a 
characteristic example, the sketch and method of 
determining the hand of a propeller may be quoted. 
The book, which is published by Messrs. John Heywood, 
Limited, of Deansgate, Manchester, and 20 to 22, St. 
Bride-street, London, E.C.4, at the modest price of 
6d., might usefully be in the hands of every member 
of the shop-repair gang, or works engineer’s department. 





The Practical Engineer Mechanical Pocket Book and 
Diary, 1923.—This well-known publication has passed 
from the hands of its founders and now appears from 
the house of Oxford Technical Publications, 1 and 2, 
Bedford-street, London, W.C.2. Messrs. Henry 
Frowde and Hodder and Stoughton are associated in 
this firm. No alteration has been made in the form 
and type of contents of the pocket book, which is 
edited by Mr. Ernest G. Beck, but it has received its 
usual annual revision, and certain portions have been 
entirely re-written. This appiies particularly to the 
notes on beams, columns, workshop methods and costs, 
and cranes. The Buyers’ Guide has been rearranged 
and the index has been overhauled and amplified. 
This latter is an important feature in any handbook 
and one which very frequently does not receive 
sufficient attention. The devising and carrying out 
of a proper system of cross-references in the index of 
an engineering pocket book appears to be beyond the 
capacity or patience of many editors, and we are glad 
to see that Mr. Beck has found this feature of his book 
worthy of some trouble. The pocket book is published 
at 2s. 6d. net in cloth and 3s. net in pluviusin. 


Who's Who in Engineering Directory and Manual, 
1923.—Edited by Mr. John E. Sears. London: The 
Compendium Publishing Company, 93 and 94, Chancery- 
lane, W.C.2. (Price 28s. net.) This directory now 
enters its third edition, and the growth in its size as 
compared with the two former editions points to the 
increase in popularity which it is meeting. Quite apart 
from what may be termed the directory proper, arranged 
alphabetically according to the names of engineers, 
and covering over 840 pages, the book gives information 
on the different British engineering institutions and 
societies, the centres of technical engineering training 
and the various research organisations. It also pub- 
lishes the titles of the British standard specifications and 
an index of the latest papers read before a number of 
engineering bodies. Another interesting chapter con- 
tains legal notes on apprentices, arbitration, the 
carriage of goods, contracts, the Workmen’s Com- 
pensation Act, &c. The book closes with an index 
of engineering products, with the names of their manu- 
facturers, arranged alphabetically according to both 
the products and the producers, and with an index 
of engineering journals. It has 1,211 pages. 


Ice and Cold Storage Trades’ Directory and Handbook, 
1923.—Edited by the journal Ice end Cold Storage. 
London: Iliffe and Sons, Limited, Dorset House, 
Tudor-street, E.C.4. (Price 10s. 6d. net.) Both 
technical data and general information for the use of 
engineers and of commercial firms interested in the 
ice and cold storage trades are contained in this direc- 
tory and handbook, which now has reached its 
eighteenth annual edition. Tables of temperatures, 
properties of materials, &c., occupy the first portion 
of the book, covering close upon 90 pages, the remaining 
portion, about 200 pages, giving information of a 
commercial nature. This includes the names and 
particulars of companies registered since September, 
1921, alist and particulars of frozen meat stores and ice 
factories, alphabetical directories under names and 
trades, a list of vessels fitted with refrigerating 
machinery, giving their owners, tonnage, capacity, &c. 


The Practical Engineer Electrical Pocket Book and 
Diary, 1923.—Electrical pocket books are probably net 
quite so plentiful as those devoted to mechanical 
subjects, but still there are plenty of them, and the fact 
that this example still holds such an important position 
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among them after twenty-four years of issue shows 
both that its original quality is maintained and that 
it has kept abreast of the rapid progress which has 
taken place in the field with which it deals. The Practi- 
cal Engineer Electrical Pocket Book, which is edited by 
Mr. Conrad Arnold, is so well known that it is hardly 
necessary to describe it. It contains the usual diary 
pages and French, Spanish and Russian Technical 
Dictionaries. A German section is still omitted. The 
main part of the book is divided into sections dealing 
each with some branch of electrical work. The sections 
dealing with chemical engineering, wireless and traction 
have been added to, revised, or re-written for this issuc. 
The book is published in cloth at 2s. 6d. net, and in 
pluviusin (which we presume means something that will 
stand the rain) at 3s. net. It is now published by 
Oxford Technical Publications at 1 and 2, Bedford- 
street, London, W.C.2. 


The British Journal Photographic Almanac.—-Henry 
Greenwood and Co., Limited, 24, Wellington-street, 
Strand, London. (Price 28. in paper cover, or 3s. 
cloth bound.) Since the year 1860 this Almanac has 
varied in form and bulk, but the issue for 1923 will be 
welcomed by all who make use of photography in the 
workshop or the field, as it contains many tested 
formule and working instructions for divers processes. 
The many pages of advice by the editor on “ What 
Camera and Lens to have” put before his readers 
the various advantages of a wide collection of apparatus, 
They must result in saving cash when acquiring 
apparatus for any of the purposes to which photography 
is used. 


Diaries.—Small pocket diaries have been received 
from Messrs. Bernard Holland and Co., engineers and 
merchants, 17, Victoria-street, Westminster; the 
General Electric Company, Limited, Magnet House, | 
Kingsway, W.C.2; Messrs. Braithwaite and Co., 
engineers, Limited, manufacturers of structural and 
pressed steelwork, 117, Victoria-street, S.W.1 ; Messrs. 
Hayward-Tyler and Co., Limited, manufacturers of 
pumping machinery, 99, Queen Victoria-street, E.C.4. 

Almanacks and Calendars.—We have received from 
Messrs. Henry Simon, Limited, 20, Mount-street, 
Manchester, one of their customary daily tear-off 
calendars, each day given a motto or a saying from 
well-known British and foreign thinkers and writers. 
Also a daily tear-off calendar from Messrs. Vernon 
Proctor and Co., iron and steel merchants, Foster's 
Buildings, 22, High-street, Sheffield. Weekly refills, 
which also give the preceding, the present and two 
following months, have come to us from the Wellin 
Davit and Engineering Company, Limited, London : 
also a set of monthly refills from Messrs. C. A. Parsons 
and Co., Limited, Heaton Works, Newcastle-on-Tyne. 
Messrs. Bruce Peebles and Co., Limited, engineers, 
Edinburgh, have sent us one of their patent desk 
calendars, made of metal and containing a mechanical 
device for covering each day on the monthly date cards. 
Monthly tear-off calendars, several of which are very 
artistic in design, have reached us from Messrs. 
Mawdsley, Limited, Zone Works, Dursley (Glos.) ; 
Messrs. Aiton and Co., Limited, Derby; Messrs. 
William Clowes and Sons, Limited, printers, Duke 
street, Stamford-street, S.E.1; Messrs. Peckett and 
Sons, Limited, locomotive builders, Bristol; Messrs. 
Chas. Pearson and Son, Limited, printers and sta 
tioners, 53 and 55, Mansell-street, Aldgate, F.1:; 
Messrs. Brown Bayley’s Steel Works, Limited, Sheffield ; 
Messrs. Marshall, Sons and Co., Limited, engineers, 
Gainsborough; Messrs. Hulse and Co., machine tool 
makers, Ordsal Works, Manchester ; Messrs. Urquhart 
Lindsay and Robertson Orchar, Limited, associated 
with Fairbairn, Lawson, Combe, Barbour, Limited, 
general engineers, Leeds, Belfast, Dundee ; the British 
Aluminium Company, Limited, 109, Queen Victoria- 
street, E.C.4; Messrs. Ruston and Hornsby, Limited, 
Lincoln, Grantham and Stockport, manufacturers of 
oil, gas, steam, traction engines, &c.; the Brown 
Hoisting Machinery Company, Cleveland, Ohio; the 
“Wilhelmina ” Works, Limited, Weert, Holland; the 
Internationa] Construction Company, Limited, 56, 
Kingsway, W.C.2; also a monthly combined with a 
daily tear-off calendar from Messrs. Harrison and Sons, 
Limited, printers, St. Martin’s-lane, W.C. 2, and Hayes. 





Strorace or Coat UNDERGROUND.--Storage of coat 
underground at the mines is suggested by Director 
H. Foster Bain of the United States Bureau of Mines as a 
practical step toward the accumulation of those reserves 
of fuel which are necessary to stabilise industry and to 
protect the domestic consumer in periods of acute coal 
shortage, such as that country has recently undergone, 
The seasonal demand for coal can to some extent be 
met by storage, but this must be done by the consumer 
or by some distributing agent operating between him 
and the mine, and according to Dr. Bain, the best place 
to store coal is in the ground; with unimportant excep- 
tions it is not feasible, he adds, to provide more than a 
limited amount of storage above ground. 
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VARIABLE 


SPEED OIL TRANSMISSION 


GEAR. 


CONSTRUCTED BY THE OILGEAR COMPANY, MILWAUKEE, WIS., U.S.A. 








Many methods of transmitting power and obtaining 
a variable speed using oil under pressure as the medium 
have been devised, and several of them are already 
in commercial operation in this country. <A further 
interesting example of machinery of this type has 
been introduced by the Oilgear Company, of 60 to 64, 
Twenty-seventh-street, Milwaukee, Wis., U.S.A., and 
in the figures shown above and on pages 801 and 804, 
we illustrate the details of the gear and some of its 
various applications. 

This transmission gear consists essentially of a 
variable displacement pump which is power-driven 
and acts upon the working fluid by means of which 
the power is transmitted to a constant displacement 
motor, which operates the machinery to be driven. 
The pump displacement is varied by changing the 
stroke of the pistons. Should the stroke of the pump 
be set to be a maximum, a fixed quantity of oil is 
delivered to the motor thus making it operate at the 
same speed as the pump. When the pump stroke is 
reduced, the amount of oil which is pumped is rendered 
smaller and the motor runs more slowly. By gradually 
changing the stroke of the pump, any speed from zero 
to the maximum may be obtained from the motor. 
In some applications of this system of power trans- 
mission a small auxiliary pump is used, to keep a 
certain pressure in the intake pipe of the main pump, 
or to return leakage. 

The motor speed can be fixed by the operator, and 
once it is set it remains constant under variations of 
loading. The effect of a change in load is to change 
the pressure of the oil, which alters to the value requisite 
to provide the torque necessary to keep the motor 
running at the same speed, the increase in load being 
transmitted right through to the source of power. 
The torque at the motor is proportional to the pressure, 
and by raising the pressure any torque can be obtained 
within the limit of the mechanical strength of the 
component parts. 

As the oil used is practically an incompressible 
body, a very small delivery ot oil under high pressure 
is sufficient to overcome the initial friction and the 
inertia of the load on the motor, and put it into action. 
This means that the full torque can be obtained at 
starting with a very small expenditure of power. The 
small demand for power in starting under load is a 
great advantage possessed by this system of power 
transmission, and in addition the total losses occurring 
under full load working at normal speed are not great. 
In ordinary running the losses are made up of the 
mechanical friction, hydraulic friction, leakage and 
the power necessary to drive the small auxiliary pump 
for dealing with the leakage and working the control 
gear. In all, the losses are said to be about 12 per cent. 
of full load. 

The pump and motor units are shown in section in 


1. 


Figs. 3 to 7, opposite, and by photographic views, 
Figs. 10 to 15, of details and complete units on page 
804. Of the drawings, Fig. 3 shows a'combined pump 
and motor unit, Figs. 4 and 5 a pump, unit, and Figs. 
6 and 7 a separate motor unit. Referring to Figs. 3 
to 7, the cylinder barrel of either unit consists of a 
hub with a central bore, from which the five cylinders 
radiate. The bore of the hub is fitted closely around 
the pintle on which it rotates. In the working position 
the centre of rotation of the hub is not coincident with 
the centre of the surrounding casing. Each of the 
small cylinders contains a plunger at the end of which 
is a flat crosshead made of hardened alloy steel. This 
crosshead transmits the plunger thrust outwards 
to an adjacent reaction plate made of alloy steel, which 
is on the surrounding element. The pintle has two sets 
of oil ports through which the oil enters and leaves 
the cylinders. The oil is conveyed through the pintle 
in longitudinal channels. As the cylinder barrel 
rotates, each cylinder in turn registers with an admission 
port and remains in communication with it for about 
half a revolution. After this action the cylinder passes 
over the narrow bridge separating the ports, and 
registers with the outlet port through which the oil is 
driven, while the piston is moving inwards. During 
the cycle each piston draws in a quantity of oil and 
delivers it; the amount of oil in use depends upon the 
effective stroke of the pistons. With the five cylinders 
in action perfectly smooth working is ensured. 

The stroke of the pump is changed by the change of 
distance between the centres of the hub and the 
surrounding cylinder. This may be achieved either 
by moving the position of the inner shaft relatively to 
the casing, or by moving the casing relatively to the 
shaft, according to the design of the particular 
pump. The first design is shown in Fig. 11 and 
the second in Fig. 15. Both methods have the 
same effect of altering the eccentricity of setting 
of the inner and outer system. When the two 
components are concentric there will be no stroke 
at all for the pistons and this is, of course, the 
stopped position. 

The oil is delivered through the passages in the 
pintle to the motor unit at the other end. As the oil 
is forced from one of the ports within the motor 
cylinder barrel it pushes the motor piston outwards, 
which action is accompanied with the application of 
whatever force is requisite to compel the motor to 
rotate under its momentary condition of loading. 
As each piston reaches its outermost position it ceases 
to register with the pressure port, passes over the 
small bridge between the ports on the pintle, and then 
gets into communication with the exhaust port through 
which the oil is expelled and passed back again to the 











pump. The process of operation is a continuous one, 
and the speed may be varied gradually up to the 











maximum value. 
position on the other side of the neutral line from that 
of normal working is all that is required to cause a 


Shifting the centre of the hub to a 


reversal in the direction of rotation. The regulation 
is confined to the pump side of each outfit, and the 
motor units remain unchanged. If the pressure were 
allowed to rise unrestrictedly to meet any load condi- 
tion the fracture of some part of the plant might be 
produced under an excessive overload. Automatic 
devices are introduced to change the stroke of the pump 
under such conditions so as to keep the pressure within 
safe limits. 

The applications of this type of power transmission 
are very numerous, as the characteristic of almost 
any drive requirement can be obtained. The gear 
may be employed to regulate the action of a stoker for 
a boiler. The use of a small steam cylinder, receiving 
its supply from the boiler and provided with a piston 
whose movement is opposed by an adjustable spring, is 
all that is necessary to obtain suitable motion to cause 
the oil gear to change the speed of operation of the 
stoker in such a way as to maintain a steady steam 
pressure. Not only can the speed of running of plant be 
regulated by means of oil transmission, but it is possible 
to adapt the gear to the regulation of acceleration. 
The motion of the table of a planing machine may be 
controlled in this way. Trips and stops fitted to the 
machine may be used to cause the reversal of travel 
and to fix the limiting speeds. In such a case the pilot 
valve is not allowed to go over immediately to the 
position corresponding to full speed, but is limited by 
a roller which bears against a cam fixed to the moving 
table. The form of the cam determines how fast the 
pilot valve is allowed to approach its position for full 
speed. 

By having adjustable stroke for both pump and motor 
it is possible to obtain the torque speed characteristics 
of a series electric motor. 

An oil gear-driven broaching machine is shown 
in Figs. 8 and 9, page 801. The motion for the 
plunger in the cylinder of the machine is obtained 
by the use of the oil delivered from a pump unit. 
With a variable speed drive of the character obtainable 
with oil transmission the setting for maximum work 
may be obtained experimentally in a test of short 
duration. An example of cuts on a cylinder is shown 
in Fig. 14, on page 804, as evidence of the variation of 
feed that is possible with this system of power trans- 
mission. The application to a machine tool is shown 
in the photographic view, Fig. 1, above. One great 
advantage possessed by this system of operating is 
that the exact speed requirements may be obtained, 
and it is possible to vary the speeds of cutting according 
to the distance from the centre of the job quite auto- 
matically. ' 

An oil gear-driven 20-ton press is shown at work in 
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S02 
ROYAL METEOROLOGICAL SOCIETY. 

Tue usual monthly meeting of this society was held 
ou Wednesday, the 20th inst., at 49, Cromwell-road, 
South Kensington, Dr. C. Chree, F.R.S., president, in 
the chair. The following papers were read :— 

1. “The Study of Radiotelegraphic Atmospherics in 
Relation to Meteorology,” by Mr. C. J. P. Cave, M.A., 
und Mr. R. A. Watson-Watt, B.Sc., F.Inst.P. The 
naturally-occurring electromagnetic waves which the 
radiotelegraphist calls ‘ atmospherics’? are the most 
serious trouble remaining in the art of wireless telegraphy, 
and this paper traces the history of such studies of these 
disturbances as have been related to meteorology. These 
studies began before commercial radiotelegraphy was 
practicable, and in the pre-war era a certain amount of 
useful information as to thunderstorm conditions could 
be obtained by “ listening in,’’ or recording, on a wireless 
receiver. The paper gives examples of the results 
obtained from an important innovation made in 1915, 
at the Meteorological Office Radio Station, Aldershot. 
Radiotelegraphic direction-finding on atmospherics was 
introduced as a means of locating thunderstorms, and 
successful observations were made, with the co-operation 
of the Admiralty coast stations, on storms as near as 
5 miles to an observing station, and on other storms 
1,000 miles distant. The first thunderstorm thus 
located, and confirmed by subsequent meteorological 
reports, occurred in the south of Ireland on July 24, 
1916, at a distance of 280 miles from the most distant 
station participating in its detection. A storm was 
traced across the Bay of Biscay and Southern France, a 
thunderstorm at Venice was located by two stations 
1,000 miles away, and a storm 5 miles from Aldershot 
was followed by the direction-finder there, the bearings 
xiven being in complete agreement with the bearing of 
the audible thunder and the visible storm. 

2. ‘* Winter Thunderstorms in the British Islands,” 
by Mr. C. J. P. Cave, M.A. During the first three months 
of the years 1916, 1917, 1918 and 1920 reports of the 
occurrence of thunderstorms in’ the British Islands 
were received from a number of observers, chiefly 
observers of the British Rainfall Organisation. The 
number of storms occurring in the winter months was 
very remarkable, there having been storms somewhere 
in the region on over 40 per cent. of the days. Some of 
the storms were very widespread. They seem to have 
been connected with the occurrence of masses of air at 
widely different temperatures in close proximity. 
Thunderstorms are caused, it is suggested, (1) by the 
heating of the lower layers of the atmosphere, (2) by 
the cooling of the upper layers, (3) by a warm current 
of air rising over a cold one, (4) by coal air undercutting 
warm air, 

3. A third paper was read by Mr. D. E. Row, entitled 
‘ Forecasting Sky-Types.” The object in attempting 
to forecast sky-types was to facilitate painting views 
in selected weather conditions or “ skies’ themselves 
decided on beforehand. The principle employed was 
very similar to that used in ordinary forecasting, viz., 
the study of pressure distribution as shown by a map 
or suggested by the “ further outlook ” of the Meteoro- 
logical Office and the part of it which was likely to affect 
the locality concerned, using local indications in con- 
junction therewith. To quote one or two broad examples 
to amplify the above: Cirrus types followed by cumulus 
forms are to be expected during the passages of depres- 
sions, or even where overlapping occurs between an 
wnticyelone and a depression. Indefinite areas of low 
or medium pressure often give very composite skies, 
thus yielding striking cloudscapes in which a large 
variety of cloud types is featured simultaneously. The 
pictures illustrating the paper were purposely semi- 
impressionist and therefore not intended to be viewed 
closely. They were actually results of observation and 
forecasting of selected types of weather, and as con- 
siderable distances had to be covered in order to obtain 
the views, confidence in one’s predictions was highly 
desirable. It was submitted that if an artist possesses 
«a good knowledge of the characteristics of the various 
types of pressure distribution and can use local signs 
in conjunction therewith, he will be able to regulate his 
movements with far greater intelligence and accuracy 
than would be the case if he simply took ** pot ’’ luck 
founded on ignorance. It is hoped to extend and 
improve the use of the principle outlined above. 





Universtry CoLttecre ENGINEERING STUDENTS.— 
We are asked to announce that the past and present 
engineering students of University College, London, will 
hold their annual dinner, under the chairmanship of 
Sir Alexander Kennedy, F.R.S., at the Engineers’ Club, 
39, Coventry-street, W.1, on Thursday, February 1, 
1923. Should any past students not receive notices of the 
dinner, details will be sent to them on application to 
RK. A, Bell, hon. sec. of Past U.C.L. Engineering Students, 
116, Worple-road, Wimbledon, 8.W.19. 


Tae Socrery or Enermerers (Ivc.).—The following 
premiums have been awarded by the above Society for 
papers read or published during 1922 :—President’s 
gold medal to Dr. C. V. Drysdale, for his paper on ‘‘ The 
Testing of Small Electrical Plant.’ Bessemer premium 
to Mr. E. E. Turner, for his paper on “ The Atlantic 


Cruise of H.M. Airship R. 34." Nursey premium to 
Dr. Herbert Chatley, D.Se. (Eng.), for his paper on 
“The Physical Properties of Clay-Mud.” Society 


premiums to:—A. 8. E. Ackermann, for his paper on 
“The Physical Properties of Clay” (fourth paper). 
C. H. J. Clayton, for his paper on “‘ The Economics of 
\rterial Land Drainage."’ W. Dinwoodie, for his paper 
on “Wave Power Transmission." Clarke premium to 
Rk. C, Hill, for his paper on “ The Submersible Pump.” 
Geen premium to A. G. Short for his paper on “ Heating.” 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel._-Beyond essential repairs, very little 
will be done in the local steel and engineering trades this 
week. So far as commercial production goes, the bulk 
of departments have closed until the New Year. Instances 
are to be found of work proceeding on specially urgent 
orders, but these are quite exceptional. Improved 
conditions, gradually embracing the whole of the steel 
industries, heavy and light, are expected to mark the 
advent and progress of 1923. Order books reveal brighter 
prospects, production costs are substantially Jower than 
for many months past, and the general tendency of 
prices is to rise. The wealth of current inquiries for ail 
classes of machinery and steel products offers abundant 
proof that potential buyers wish to keep in close touch 
with price developments so as to avail themselves of the 
best terms for forward delivery. The first benefits 
of the placing of orders for the two new battle cruisers 
are seen on the local stock and share market in the rise 
in values of armament investments. Already much has 
been done to restore public confidence, though it is 
observed by armament makers that the major problem 
of the ultimate future of such plant has as yet found no 
solution. Makers of common steels have plenty of work 
with which to re-engage their furnaces in the New Year, 
and the demand for special steels is slowly opening out, 
though two of Sheffield’s best pre-war customers, Germany 
and America, are “ off the map ” temporarily, the former 
owing to currency troubles, and the latter on account of 
the damaging effect of the Fordney tariff. Engineering 
masters are assured of active conditions on electrical 
and textile account, general engineering shows encourag- 
ing signs of recovery, and building materials are more in 
request now that prices have reached a level that is 
considered more economic. In the lighter sections, 
Colonial purchases are on the up grade, and considerable 
tonnages of steel products are on order for Japan, India 
and Latin America. 


South Yorkshire Coal Trade.—Except for the best 
qualities, business in house coal during the past four 
months has been so substantially below the seasonal 
average that merchants are now looking forward to a more 
active demand from town and country. Industrial fuel 
presents a firm appearance. Any movement in prices 
is practically certain to be in an upward direction. 
Exports of steam hards are maintained at an improved 
level, despite loading delays and the high cost of carriage 
to the coast. Slacks are firmly held at 6d. to 1s. higher 
for best qualities. Blast-furnace coke is a strong feature 
at 21s. for inland delivery. Quotations :—Best branch 
handpicked, 32s. 6d. to 34s. 6d. ; Barnsley best Silkstone, 
28s. to 30s.; Derbyshire best brights, 24s. to 26s. ; 
Derbyshire best house, 21s. 6d. to 22s. 6d.; Derbyshire 
best large nuts, 19s. 6d. to 22s. 6d.; Derbyshire best 
small nuts, 15s. to 16s. 6d. ; Yorkshire hards, 20s. to 21s. ; 
Derbyshire hards, 19s. to 20s. 6d.; rough slacks, 9s. to 
llx.; nutty slacks, 7s. 9d. to 9s. 9d. ; smalls, 3s. to 5s. 





Tue Britisn Cast-Iron ResEarcu AssociaTion.—In 
their circular for the current month, the Association 
states that arrangements have been made for the early 
prosecution of definite and systematic research on some 
of the fundamental properties of cast iron. The range of 
irons to be examined in the first place will include the 
full run of commercial grey irons and semi-steels. The 
work will be supplemented by a correlation of chemical, 
mechanical, physical, thermal, structural and magnetic 
properties. 


OnTaRIO Retatw. HARDWARE AssociATION EXHIBI- 
tTIon.—H.M. Trade Commissioner at Toronto reports to 
the Department of Overseas Trade that the eighteenth 
Annual Convention and Exhibition of the Ontario Retail 
Hardware Association will be held at The Armouries, 
Toronto, from February 13 to 16, 1923. The Trade 
Commissioner strongly recommends that British firms 
should participate in the exhibition, pointing out that 
although this is promoted by the Retail Hardware Trade, 
Ontario, wholesale manufacturers and their agents 
exhibit annually in order to stimulate the demand from 
the retailer. 


THe Mopet EnGinerer Exuisirion.-The Model 
Engineer Exhibition opens for the sixth time at the 
Royal Horticultural Hall, Westminster, on Friday, 


January 5, for one week. Model boats, engines, railways, 
models of every conceivable size, sort and description 
will be shown. An interesting feature will be the Model 
Making Championship of Great Britain which will be 
decided during the week the exhibition is open, a 
championship cup being offered for the best piece of 
work by a competitor who is not a model maker by 
profession. At frequent intervals during each of the 
days the show is open, demonstrations of broadcasting 
will be given by leading experts. 


Use or British Arrcrarr DesicNs BY THE UNITED 
States.—The Air Ministry announces that the Royal 
Commission on Awards to Inventors and the American 
Commission for the Adjustment of Foreign Claims will 
sit jointly at an early date to decide claims for awards 
in respect of the communication to or the use by the 
Uni States Government during the war, of British 
designs of aircraft, aircraft engines and accessories. 
A decision has been reached that no claim should be 
considered unless the applicant hed signed an agreement 
before January 11, 1923, to refer the matter to the 
arbitration of the Joint Commission. Forms of the 
agreement and all other information can be had from 
the Secretary (S8.9C.), Air Ministry, Kingsway, W.C. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The Christmas holidays 
have stopped business. With consuming works closed 
down this week pig-iron is more plentiful, but stocks are 
still very low, and output is not likely to be in excess 
of requirements when the holidays have finished. 
Customers endeavour to talk values down, but makers 
show very marked disinclination to follow any downward 


trend. The f.o.t. makers’ works and f.o.b. Tees’ quota- 
tions stand :—No. I and siliceous iron, 95s. 6d.; No. 3 
G.M.B., 90s. 6d. to 91s.; No. 4 foundry, 85s.; No. 4 


forge, 82s. 6d.; and mottled and white, 80s. 


Hematite.—Most makers of East Coast hematite are 
well placed, having disposed of their stocks and entered 
into fairly good forward contracts. Such firms adhere to 
late quotations, but one or two producers not so favour- 
ably situated are rather anxious to book orders and are 
prepared to make price concessions. Nos. 1, 2 and 3 are 
in the neighbourhood of 93s., and No. I is at a premium 
of Is. 


Foreign Ore.—Whilst the foreign ore trade continues 
lifeless, the outlook is regarded as more encouraging, and 
sellers are taking a firmer stand, up to 23s. c.i.f. Tees 
being asked for best rubio. 


Blast-Furnace Coke.—Coke sellers speak hopefully of 
the future and expect values to be maintained. On the 
other hand, local consumers anticipate a fallin prices. At 
the moment Durham furnace coke, of medium quality, 
is searce, and readily commands 29s. 6d. delivered. Some 
sellers ask a shilling above that figure. 


Manufactured Iron and Steel.—Prospects in the 
finished iron and steel industries are distinctly brighter. 
Quite a lot of orders have recently been secured, and 
heavy inquiries are expected to lead to the fixing up of 
further substantial contracts. Producers of construc- 
tional material have a lot of work secured, and several 
other departments will be quite busily employed early 
in 1923. Among the principal market quotations are :- 
Common iron bars, 10/1. 10s.; iron rivets, 101. 7s. 6d. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets, 81. to 8. 15s., according to quality ; steel boiler 
plates, 127. 10s.; steel ship, bridge and tank plates, 
91. to 91. 5s.; steel angles, 8/. 15s.; steel rivets, 
lll. 7s. 6d.; steel joists, 9/. 10s.; tees, 10/.; heavy 
steel rails, 9/.; fish plates, 13/. to 14l.; black sheets, 
1ll. 10s.; and galvanised corrugated sheets (24-in. 
gauge, in bundles), 177. to 171. 5s. 








Tue InstituTION or MunNicrpaL AND County ENGI- 
NEERS.—This institution announces that a joint meeting 
of the eastern and metropolitan districts is to be held on 
Friday, January 5. Members are to assemble at Golders 
Green Tube Station, Hendon, at 11 a.m., where motor 
omnibuses will be in waiting to proceed to the inspection 
of various works and places of interest. A paper by 
Mr. A. O. Knight, engineer and surveyor, Hendon, 
will be read and discussed. 


PEeRsONAL.—Mr. Wm. Matthews, M.Inst.C.E., formerly 
of 39, Victoria -street, Westminster, 8.W.1, states that 
all communications should, in future, be addressed to 
him at 58, Westwood - road, Southampton. Messrs. 
William Denny and Brothers, Limited, Leven Shipyard, 
Dumbarton, announce that Mr. Maurice E. Denny, 
C.B.E., has been appointed chairman of the company, 
and is succeeded in the deputy-chairmanshi by 
Mr. John M. Denny, who formerly signed “John M. 
Denny, Junior.”” Mr. Walter Brock retires from the 
Board, and Mr. Leslie Denny rejoins the Board, both as 
from 31st inst. 


AMERICAN GRAPHITE CRUCIBLES.—The final stage of the 
graphite crucible investigation, in which the Bureau of 
Mines has been engaged for some years, has been com- 
pleted. The object of this investigation was to determine 
the availability of domestic bond clays and domestic 
graphites for crucible making. During the war the 
obtaining of graphite and bond clays, which had been 
practically all imported, for making crucibles became a 
most serious problem. The bureau’s investigations have 
shown that some American graphites and bond clays 
are, when properly prepared, equal or superior to foreign 
materials for crucibles both in brass-making and in 
steel melting. 

THe Royat Tecunicat COLLEGE, Guiascow.—The 
annual report on the 126th session of this college, which 
is the oldest institution of its character, tells the story 
of a year’s successful work, accomplished in spite of 
financial difficulties. The number of day students 
exceeded 1,200 and there were also 4,000 in evening 
classes. The total sum paid in fees by students in 1921-22 
amounted to 24,7001., or 42,0001. less than the cost of 
running the institution. A sum of 26,000l. provided 
by Government grants, together with 3,600/. from endow- 
ments and 5,700/. from grants from educational trusts 
and donations, and some other small receipts, reduced 
the magnitude of the deficit, but when the year ended 
there was an adverse balance of £1,270/. It must -be 
very gratifying to the governing body to note the great 
volume of research work undertaken in some of the 
departments, notably those of Mechanical Engineering 
under Professor Mellanby and Chemistry under Professor 
Thomas Gray. Once the people of the West of Scotland 
get out of the habit—previously so carefully fostered- 
of believing that the college is self-supporting, it 1s most 
unlikely that they will allow the work of the college to 
be hampered in any way for want of funds. 
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NOTES FROM THE NORTH. 
GuLascow, Wednesday. 
Scottish Steel Trade.—In the Scottish steel trade the 
improved tone continues, and although dealing has not 
made any decided step forward, the outlook is much 
brighter. An encouraging feature is the healthier 
inquiry for nearly all classes of material, and the general 
inference is that when work is resumed after the holidays, 
business will gradually open out. In the meantime, 
however, the conditions continue rather dull and for 
delivery before closing down there has been little in 
the way of arush. Prices are all firm and have a harden- 
ing tendency. The black sheet makers are better 
employed once more and the home demand has improved, 
while a fair number of export orders are still on the 
books. Galvanised sheets are also in better request, 
chiefly on export account. The following may be taken 
as to-day’s prices :—Boiler plates, 12/. per ton; ship 
plates, 8/. 15s. per ton; sections, 8. 7s. 6d. r ton; 
and sheets, 107. 10s. per ton, all delivered Glasgow 
stations. 


Malleable- Iron Trade.—In the West of Scotland 
malleable-iron trade there is a shade more work doing 
and bar iron is moving a little more freely this week. 
The outlook is better and more employment is in. pros- 
pect in the early days of the new year. ‘“‘ Crown” bars 
are unchanged in price at 10l. 10s. per ton, delivered 
Glasgow stations. 


Scottish Pig-Iron Trade.—Movement in the Scottish 
pig-iron trade has been somewhat limited during the 
week, and the demand has been easily met, as the current 
output continues greater than present-day requirements. 
A fairly healthy tone prevails nevertheless, and with the 
commencement of business after the holidays, producers 
are of opinion that sales for the home market will show 
a considerable improvement. The year closes with 
prices as follow :—Hematite, 5/. 7s. 6d per ton, delivered 
at the steel works ; foundry iron, No. 1, 5l. per ton, and 
No. 3, 41. 15s. per ton, loaded on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The amount of Scottish 
pig-iron shipped at Glasgow Harbour for the week ending 
Saturday, December 23, was 1,7114 tons, of which 
1,584 tons went foreign and 127} tons went coastwise. 
For the corresponding week last year the figures were 
110 tons foreign and 78 tons coastwise. 





ELectTRicaL SuPPLY IN WELLINGTON, NEW ZEALAND.— 
In connection with the proposal by the electrical supply 
authorities in Wellington, New Zealand, to raise the 
voltage of the A.C. distributing system from 105 to 230 
as soon as the necessary electrical energy can be supplied 
from the new hydro-electric power station at Shag Point, 
Evans Bay, the Office of H.M. Trade Commissioner at 
Wellington reports that the present position is that the 
proposed alterations have. been definitely approved by 
the Wellington City Council, but no decision is 6 ted 
to be arrived at for some six months or so, as to whether 
tenders will be invited for the supply of the material 
required or whether the work will be iven out to local 
contractors. The scheme is expec to involve an 
outlay of £50,000 to £100,000. 


Fue. Erricrency at Brick Krins.—The staff of the 
laboratory car “* Holmes,” which was equipped with a field 
ceramic laboratory, and which has been used by the 
ceramic experiment station of the Bureau of Mines at 
Columbus, Ohio, in making efficiency tests on fuel burn- 
ing practice at various brick kilns in the central district, 
has completed its survey, and the car has been dismantled. 
At many of the plants visited, the bureau’s engineers 
were able to point out corrections that would either 
reduce the time of firing the wares or the amount of 
fuel being used. Thus, one of the plants visited in 
October was a particularly well-operated brick kiln, but 
the bureau’s officials demonstrated that by making certain 
changes in the draught system and in the method of 
firing, the time of burning and the amount of fuel used 
could each be reduced about one-fifth. 


Comparison oF Kentucky anp Scotca Om, SHALEs. 
—Assay tests on Kentucky and Scotch oil shale samples 
have recently been completed at the Boulder, Colorado, 
field office of the United States Bureau of Mines. The 
Kentucky shale yields a relatively small amount of oil 
(15 gallons of crude and 1-4 gallons of scrubber naphtha), 
and the oil is of a very asphaltic nature, its specific gravity 
ranging from 0-926 to 0-947 depending on the rate of 
retorting. The influence of rate on the quantity and 
quality of motor-fuel fractions is shown remarkably well 
by the results of this work. The most rapid run yields 
an oil producing 21 per cent. motor-fuel fraction, with an 
unsaturation of 39-7 per cent., and the slowest run yields 
an oil producing 25-8 per cent. motor-fuel fraction with 
an unsaturation of 32-4 per cent. The gas produced 
from the Kentucky shale runs high in hydrogen sulphide 
and low in carbon dioxide. The Scotch shale yields the 
best oil thus far produced in the laboratory. It is 
decidedly of a paraffin nature, and although complete 
tests on the oils are not available, the percentage of un- 
saturation in the motor-fuel fractions is quite low. The 
gas produced from this shale contains as much as 35 per 
cent. of carbon dioxide, and this of course cuts down its 
fuel value. The amount of gas produced from this shale 
is about 25 per cent. less than that produced by the 
standard Colorado shale. As several investigators have 
expressed the belief that the Kentucky shale and the 
Scotch shale have originated in practically the same 
manner and that the oil-yielding matter in both was 
produced by the same form of plant life, the above- 
mentioned differences in the nature of the oils produced 
from the two shales indicate that this theory will pro- 
bably need to be modified, 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The demand from the United States 
for Welsh coal is expanding. This is no doubt largely 
due to the failure of the American mine owners and 
miners to formulate any plan of negotiations for a 
settlement of the wages question. If no agreement is 
reached a strike on April 1 next seems certain. In 
addition to the orders already placed for Welsh steam 
and anthracite coals, there is now another inquiry for 
80,000 tons of Admiralty coal in the proportion of two- 
thirds large and one-third small, adnan in monthly 
quantities over the whole of 1923. During the past week 
operations on the Coal Exchange were limited by the 
nearness of the Christmas holidays, and also by the fact 
that operators in the majority of cases had already made 
their arrangements and were confining their attentions 
principally to getting ships, with a chance of sailing 
loaded or bunkered. The congestion at the docks was 
extremely acute at the beginning of the week, when as 
many as 60 vessels were waiting for berths, but it sub- 
sequently appreciably eased off in consequence of bad 
weather delaying the arrival of expected steamers. To- 
day, in fact, there were only 13 vessels waiting for tips, 
and at Barry there were actually 12 hoists idle. This, 
however, does not mean that the co tion is removed, 
for many boats are waiting orders, and when the weather 
moderates there is certain to be a heavy rush of 
tonnage. The question of the coal trimmers and tippers 
restoring the third shift at the docks is still engaging 
the active attention of the dock companies and the 
employers. The Council of the Cardiff Chamber of 
Commerce have adopted a resolution strongly urging the 
necessity of a third shift, and calling on the employers to 
exercise their right under the Compston award of 1920 
to claim an inquiry by the Industrial Court as to the 
necessity of a third shift. A meeting of the South Wales 
Area Board for coal trimming has been called for to- 
morrow, and on Friday a special meeting of the Cardiff 
Chamber of Commerce will be held to consider the 
matter. Exports of coal as cargo from South Wales 
last week amounted to 557,100 tons, compared with 
605,800 tons and 636,700 tons in the two preceding 
weeks respectively, Of last week’s total, 198,200 tons 
went to France, 74,600 tons to Italy, 90,500 tons to 
South America, 44,800 tons to Spain, 11,200 tons to 
Portugal, 12,800 tons to Greece, 51,800 tons to British 
coaling depots, 6,500 to the United States, 2,900 tons to 
Canada, and 63,700 tons to other countries. Shipments 
from Cardiff totalled 330,700 tons, from Newport 119,800 
tons, from Swansea 35,000 tons, from Port Talbot 53,300 
tons, and from Llanelly 18,000 tons. Exports of patent 
fuel were increased from 12,000 tons to 22,500 tons, and 
those of coke from 1,500 tons to 2,500 tons. Shipments 
of oil fuel amounted to 3,812,920 galllons from Swansea. 








THe TELEPHONE IN DenMarK.—Denmark would 
appear to be the European country having the largest 
number of telephones in proportion to the population. 
The concessionnaire companies at the end of 1921 had a 
total of 257,000 instruments in use, equal to 84 instru- 
ments (exclusive of the State telephones) per 1,000 
inhabitants, or one telephone for every 12 inhabitants. 
According to the latest figures obtainable, in Sweden 
the proportion is one telephone for every 15 inhabitants, 
in Norway one for 21, and in England one for 47 ; whilst 
in the United States there is a telephone for every eight 
inhabitants. 


THe Sorrentnc or Restns aND PaRarrins.—The 
Mahakograph of C. Gerhardt, Bonn, is a new device for 
recording the gradual softening of substances like 
paraffin, resin, wax, pitch, etc., which have no definite 
melting or freezing point. The apparatus is simply a 
balance, which indicates and registers the rate at which 
a ball, which has previously been embedded in the 
material under test by fusion, is released again under the 

ull exerted by a load, when the material is slowly heated. 

he ball is attached to one arm of a balance beam, 
the other arm of which supports the load ; a style carried 
by the beam draws a curve on a revolving drum. The 
material is placed within an electrically-heated bath of 
oil or some other suitable substance. 

Isorores oF Porasstum, CaLciuM anp Z1inc.—In his 
search for isotopes by positive ray analysis, A. J. 
Dempster (Physical Review, December) makes use of a 
method which, in modified forms, has also been used in 
other experiments for the separation of particles. He 

the stream of positive particles through two slits 

into a semi-cylindrical chamber, in which their paths 
are so curved by the electric field that only particles of 
definite potentials can pass out into the electroscope and 
other apparatus through a third slit. In this way he 
finds that potassium (accepted atomic weight 39-10) 
consists of two isoto of masses 39 and 41, in the 
oy rtion 18 : 1, so that the ave mass would, indeed, 
9-1. Calcium (atomic weight 40-07) gave two isotopes 

of masses 40 and 44, and zine (65-38) gave isotopes of 
masses 64, 66, 68 and 70, the last very faint. These 
figures, of less certain intensity relations, confirm previous 
values found by Aston. As regards zinc, A. C. “Egerton 
has, at the Clarendon Observatory, Oxford (Nature, 
D ber 9), tly succeeded in a ial separation 
of the i by the method which Brénstedt and 
Hevesy applied to mercury. By fractionated distillation 
and condensation of the zinc vapours, Egerton ted 
zinc, originally of unit density, into a higher andl o heavier 





constituent of relative densities 0-99971 and 1°00026. 
The ing difference in atomic weight would 
amount to 3} units, whilst the highest and heaviest 


isotopes seem to have the masses 64 and 70, as has just 
been mentioned above. 


_Esthonia is not well supplied with water-power. 





NOTICES OF MEETINGS. 


Tue INstITvuTEe or TRansPoRT.—Monday, January 1, 
at 5.30 p.m., in the Lecture Theatre, Institution of 
Electrical Engineers, Victoria Embankment, W.C. 2. 

aper on “‘ Air Transport,” by Mr. F. Handley Page 
(Member of Council). 





Tae INstITUTION oF Sanrrary ENGIneERS.—_Wednes- 
day, January 3, at 7.30 p.m., at Caxton Hall, Westminster, 
8.W. 1. Presidential Address by Mr. H. C. H. Shenton, 
F.S.E. 

Tue Institution oF ELectrrica, EnGingERs.—Thurs- 
day, January 4, at 6 p.m., in the Lecture Theatre of 
the Institution, Victoria Embankment, W.C. 2. Lecture 
on “ Variable speed A.C. Motors without Commutators,” 
by F. Creedy. 

Tue Royat Aeronautica Society.—Thursday, 
January 4, at 5.30 p.m., at the Royal Society of Arts, 
18, John Street, Adelphi, W.C. 2. Lecture by Professor 
Hugo Junkers on ‘‘ Metal Aeroplanes,” 

Tue InstrruTion or Locomotive ENGINEERS (LONDON) : 
MANCHESTER CENTRE.—Friday, January 5, at 7 p.m., at 
the College of Technology, Sackville Street, Manchester. 
Paper by Mr. H. Kelway Bamber, M.V.O., on “South 
African Railways and Rolling Stock.” 





Apouition or Coast Trape Duties, Curva.—The 
Chinese Government Bureau of Economic Information 
states that the conference of merchant representatives 
under the auspices of the Finance Ministry has been in 
session at Peking for some time. One important decision 
was reached during the session when a resolution was 
passed requesting the Government to abolish all coast 
trade duties when the 2} per cent. surtax agreed upon 
at the Washington Conference is carried into effect. 

Business with ArGENTINA.—Mr. H. O. Chalkley, 
H.M. Commercial Secretary at Buenos Aires, will be 
in attendance at the Department of Overseas Trade for a 
few days from January 18, 1923, and will be pleased 
to interview manufacturers and merchants interested 
in trade with Argentina. Applications for interviews 
should be made as soon as possible and in any case not 
later than January 17, to the Comptroller-General, 
Department of Overseas Trade, 35, Old Queen Street, 
London, 8.W. 1, the reference T.G, 4380 being quoted 
in all cases. 

Water-Power in Estuon1a.—The new Free State of 
Almost 
two-thirds of the available water-power seems to be 
concentrated in the river Narova, which, in a course of 
about 75 miles length, discharges the water of the 
Peipus Lake into the Gulf of Finland; the rest of the 
water-power is dispersed over the country. The pro- 
jected works near Narva—where Peter the Great defeated 
the Swedes under Charles XII in 1701—are expected to 
yield 94,000 h.p., 62,000 h.p. of which are for the present 
to be utilised. Narva is situated about 60 miles from 
Petrograd, in the east, and twice as far from Reval, the 
capital of the State, in the west. There are some water- 
falls above the town of Narva, and some rapids near 
Omut, six miles further up the river. The falls make a 
head of over 20 m. (68 ft.) available; in the rapids 
the head fluctuates considerably between 12 and 24 ft. 
The depth of the river near the power station is small, 
and fluctuates between 4 and 6} ft., but it will be regu- 
lated by means of a dam across the river near the 
Peipus Lake. This will involve deepening the upper 
course of the river. There will also be difficulties with 
ice and tunnelled conduits. In his estimate of the cost 
E. Tiltzen, of Narva (Zeitschrift des Vereines Deutscher 
Ingenieure, December 16), concludes that, with current 
transmission by two lines-of 110,000 volts to Petrograd 
and to Reval, it will be possible to supply a kw.-hour 
at 3-93 marks Esthonian (of which 1,500 go to the £1), 
whilst the cost in a large power station, also under con- 
struction, would be 7-50 marks. 


Arc REGULATION IN ELectric Furnaces —For regu- 
lating the working of a 300-lb. single-phase furnace of 
the Heroult type, used for melting iron and steel, forming 
ow of the equipment of the North-west Experiment 

tation of the United States Bureau of Mines, in the 
College of Mines Laboratory of the University of Washing- 
ton, two ordinary 40-watt tungsten filament lamps are 
set upright on a shelf near the meter board and in full 
view. Bach lamp is connected to one electrode. For 
convenience it is well to have the left-hand lamp con- 
nected to the left-hand electrode, and the right-hand 
lamp to the right-hand electrode. Both lamps have a 
common connection to the metal bath in the furnace. 
Usually all that is necessary is to connect them to the 
shell of the furnace, but if that does not work, a steel 
bar can be buried in the hearth similar to the bottom 
electrode of a Girod furnace, In operation the brilliancy 
of the filament will vary with the drop in potential 
between the electrode and the bath. A lamp of this type 
will glow dull red at 15 volts and will safely stand surges 
up to 125 volts. When the power is on and no are has 
been drawn the lamps will simply be in series across the 
bus-bars and will glow with equal brilliancy, When 
current is ing through the furnace they are lighted 
equally only when both arcs are exactly the same, that 
is, have the same length and, therefore, the same resist- 
ance. The slightest change in either are is quickly 
and accurately indicated by the lamps, If one electrode 
should touch the bath its pilot light would instantly 
go black. These lights, therefore, show the exact 
position of the electrodes at all times. To install] this 
apparatus for three-phase operation it is necessary 
merely to add one more lamp. 
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TRANSMISSION GEAR. 


CONSTRUCTED BY THE OILGEAR COMPANY, MILWAUKEE, WIS., U.S.A. 
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Fie. 14. 


Catcrum CarBiwr.—<According to E. Botolfsen (A nnales 
de Chimie, vol. xviii, pages 5 to 48) pure calcium carbide 
is white, but it is very difficult to obtain the compound 
in that condition, the preparation in vessels of iron and 
even of aluminium yielding a black product. Botolfsen 
started from calcium metal and lampblack ; in a vacuum 
no appreciable reaction between the two substances 
took place before the calcium fused, and the volatilisation 
of the metal then was faster than the combination with 
carbon. Better results were obtained by heating the 
two materials for hours to 250 deg. C. in an indifferent 
atmosphere of argon, at normal pressure. There Is no 
subcarbide. 
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ROLLING MILL PLANT AT MOSSEND STEEL WORKS. 
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TRADE PROSPECTS FOR THE- NEW 
YEAR. 


Ir has been wisely said that the art of life consists 
in coming to correct conclusions from insufficient 
premises. The domains of economics and trade 
furnish wide fields for the exercise of this art, 
but it cannot be pretended that in general the 
executants display any considerable mastery of 
their medium. Were firm deductions possible on 
economic subjects one might be able to say that 
the trade of this country will be better in 1923 than 
it has been in the year just ending, or on the other 
hand will be worse, but actually the only con- 
clusions available appear to be of a vaguely specu- 
lative character. A somewhat formless optimism is 
in evidence which suggests that our period of bad 





= | trade has now passed its nadir, and while arguments 


can be advanced in support of this optimism it is 
not possible for anyone to produce a considered 
demonstration which is likely to win any general 
acceptance. 

The mere fact that there should be any general 
idea abroad that matters are improving is in itself 
of value in that it tends to increase confidence. 
Modern trading is based on confidence, and if traders 
can be brought to believe that things are improving 
they will improve as a consequence. It is well, 
however, not to press this idea too far, and some more 
concrete evidence of returning prosperity is necessary 
to anyone who is to demonstrate that the trading 
results of 1923 are likely to be importantly better 
than those of 1922. The most obvious and easily 
assessed item bearing on the matter is that of 
unemployment, and there is reason for satisfaction in 
the fact that in the early part of December there 
were 435,133 less people totally unemployed than at 
the beginning of the year. This figure must to some 
extent be attributed to the large number of relief 
works of one kind and another which have been put 
in hand, and to the activities which have resulted 
The 
amount of unemployed which has been relieved 
by these agencies has been criticised in some quarters 
as being quite inadequate to the conditions, but 





taken together they must have exercised very 
considerable effect. 

The Trade Facilities Act is an admirable piece 
of legislation, and is likely to do only good if it is 
kept within the neighbourhood of its present limits, 
but a correct idea of the state of trade is not likely 
to be obtained if the activities for which it is res- 
ponsible are to be looked on as evidence of ordinary 
trade recovery. The procedure represented by the 
Trade Facilities Act is not greatly different from 
the lending of money to a man in order that he can 
buy something fromone. An action of this kind may 
on some occasions be allowable and even wise on 
the part of an individual or a firm, as well as a 
nation, but it is well that the conditions of the 
transaction should be kept in mind, and that the 
resulting orders should not be looked upon as 
evidence of an improvement in ordinary trade 
activity. It is to the good that railway companies 
and others should carry out important works, but it 
would be better if they could carry them out by their 
own efforts as an ordinary matter of business, rather 
than because the nation lends them the money to 
do it with. 

Real evidences of trade improvement must be 
sought in the region of everyday trade. The figures 
we have quoted in respect to unemployment are 
some evidence of improvement, since it is improbable 
that the whole of the reduction which has taken 
place is to be offset against artificially engendered 
activity. Some information may also be obtained 
from export figures. A reference to these was 
made by Colonel Armstrong, the retiring President 
of the Federation of British Industries, in his speech 
at the annual meeting of the Federation on the 
14th inst. Colonel Armstrong pointed out that our 
exports of iron and steel manufactures were for the 
first ten months of 1922 slightly more than double 
what they were for the like period of 1921, and that 
our coal exports were similarly 200 per cent. 
above those of 1921. These figures are encouraging, 
but both increases, and particularly the latter, . 
were greatly assisted by the long coal strike in 
America. This is an occurrence that cannot be 
counted on to recur, so that again a deduction must 
be made from the statistics available if one is to get 
a correct idea of the real improvement in trade. 

In addition to coal and.iron some other exports, 
such as textiles, have on the whole shown improve- 
ment during the year. The results are not such as 
to justify any unmeasured optimism, however. 
Figures for the present state of orders inside the 
factories of the country naturally cannot be collected 
as a whole, and although some firms are better 
situated than they have been recently, and one even 
hears of a few orders tending to relieve the depression 
on the Clyde, there is no doubt but that things must 
still improve very much before they can be described 
as even approaching normal. As far as such things 
can be estimated the tendency is in the right 
direction, but the curve is still a long way below 
its mean value. A general survey of the field leads 
to the impression that matters are improving, but 
any serious national or international disturbance 
might well throw them back to as bad a position as 
they occupied recently. 

It has been usual to explain the period of bad 
trade through which we are passing as due to the 
collapse of foreign exchanges, and some parties in 
the State have practically taken up the position that, 
were the question of German reparations determined 
and normal relations established with Russia, all our 
unemployment would be at an end. The elimination 
of Russian trade is a factor in our business life 
which there would be no object in ignoring, and 
similarly were Germany solvent, and occupying a 
reasonable position in international exchange, there 
is little doubt but that some of our manufacturers 
and their workpeople would benefit. We are glad 
to think, however, that the importance of these 
factors in our trade position are frequently exag- 
gerated, since there appears no very immediate 
prospect of improvment in either of them. 

As was pointed out recently in a letter to The 
Times, by Mr. Vogel, of High Speed Steel Alloys, 
Limited, our exports in 1913 to Germany, France, 
Russia, Belgium, Italy, Austro-Hungary, Greece, 
Bulgaria, Rumania and Turkey totalled a value of 
132,000,0001. In the same period we exported 
195,000,000. worth of material to British Possessions 
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and 197,000,000/. worth to the rest of the world. 
This means that in 1913 only some 25 per cent. 
of our exports went to the European countries with 
which we now find it so difficult to trade, so that, 
if we could approach a pre-war position with 
countries other than these, matters would look 
considerably more satisfactory than they now do. 
It is naturally not intended to imply that we can 
ignore Europe as far as three-quarters of our export 
trade is concerned. The state of European finance 
reacts on the world, and such countries as Brazil and 
Chili would be in a better position to do business 
with us if they were better able to do business with 
the Continent. It is satisfactory to realise, how- 
ever, that Europe is not the main market for our 
exports, as some writers and speakers appear to 
wish to imply. 

The bad trade through which we have been passing 
has been, in a sense, self-imposed. Had we been 
prepared to maintain a period of inflation and false 
values, living on borrowed or printed money, there 
is little doubt but that we might have reached the 
end of 1922 with considerably less unemployment. 
Had this been done, however, the value of the 
pound would not have stood where it does in the 
markets of the world, and we would merely have 
postponed, and ultimately intensified the difficulty 
of, a period of re-adjustment which had sooner or 
later to be faced. Countries with little unemploy- 
ment, but disorganised finances, must in due course 
pass through a similar phase to that of which there 
are some signs that we are now reaching the end. 
It is indeed one of the most hopeful features in 
our trade position that we have worked back 
towards a state when there is again some sort 
of correspondence between prices and values, wages 
and services. In some of our industries of a mono- 
polistic character we have still some way to travel, 
and, as an instance, railway charges are still acting 
as a serious check on industry. Our coal and iron 
trades would benefit enormously from a heavy fall 
in railway rates, and these in turn would exercise 
a beneficial influence on the recovery of shipping. 

It is not possible to take any position of un- 
measured optimism in reference to trade prospects 
for 1923, but on the whole it is fair to say that the 
signs are more favourable than of late. The 
European position appears for the moment almost 
hopeless, and our manufacturers are likely to do 
more good by paying attention to the 75 per cent. 
of our export trade which is concerned with countries 
outside the distressed area of Europe. It would 
appear that our Colonies should furnish a promising 
field for trade expansion, and it is satisfactory to 
note that the Government have thought the matter 
worthy of attention. Some of the Dominions are 
fostering their own manufacturing industries, but 
for very many years to come they will still have 
to import the bulk of their manufactured material, 
while the setting up of overseas manufacturing plant 
must in itself call for much constructional material 
and machine tools which there should be no con- 
siderable difficulty in the Home Country obtaining 
the orders for. 





EVAPORATION LOSSES IN 
PETROLEUM INDUSTRY. 
Ir may be remembered that about a year ago 
Mr. A. Beeby-Thompson discussed before the 
Institute of Petroleum Technologists the causes and 
scale of losses occurring in the petroleum industry. 
These losses have been known to be very large, 
but the only attempt, so far as we know, to estimate 
them at all accurately on a large scale has been made 
by the Bureau of Mines of the Department of the 
Interior, Washington, U.S.A.. A report on this 
subject has been issued, dealing with the Mid- 
Continental oilfield, as typical, and covering some 
140 tests of plant actually in use, with careful 
checking of the results subsequently by laboratory 
distillation experiments. The latter carried out on 
oils, drawn off before and after the various stages, 
served to reveal any change in character due to loss 
by evaporation, and the results proved to tally 
closely with the deductions drawn from the actual 
measurements made in the field. 
The loss sustained may be variously appraised, 
dependent upon the point from which it is viewed. 


THE 


fractions such as would be contained ultimately 
in the gasoline or petrol leaving the refinery. The 
loss of these light fractions may thus be estimated 
on the basis of the value of petrol, from the refiners 
point of view, and this naturally presents the 
case at its worst though by no means in exaggerated 
form. On the other hand the loss to the well owner 
represents a smaller value for he disposes of his 
commodity as crude, and a reduction of volume 
of oil sold therefore represents to him a loss of crude 
oil whatever may be the actual fractions which 
have disappeared. 

In the first case, taking gasoline at 22 cents per 
gallon, or 9-24 dols. per barrel, and crude oil at 
3 dols. per barrel, a loss of 1 per cent. by volume 
would represent 0-0924 cents, and the percent- 
age of the total value lost would be 3-08 per 
cent. of the original value for each 1 per cent. 
loss in volume. If the loss be considered as a 
reduction of the value of refined products of a 
value to the refiner which may be taken at about 
4-28 dols., 1 per cent. loss of volume due to the 
evaporation of gasoline fractions would represent 
2-16 per cent. of the value. When reckoned as 
crude, of course, the percentage of loss by volume 
and value of crude are identical. Since the losses 
occur in the lighter fractions which are the most 
valuable, the loss of volume is necessarily accom- 
panied by a loss of quality. 

The extent of these losses when interpreted into 
actual quantities and values is quite astonishing. 
As a result of these Bureau of Mines tests it is 
calculated that in the Mid-Continental field these 
evaporation losses amount yearly to 510,000,000 
gallons of gasoline, or about 1} times the output 
of natural gas gasoline for the whole of the United 
States. This does not include losses due to certain 
methods adopted in connection with dehydration, 
in which, as we shall show, further extensive loss 
occurs. Apart from these the total loss is estimated, 
from the well to the refinery as about 6-2 per 
cent. by volume and the value according to the 
method on which it is assessed, is correspondingly 
serious. 

If the oil as raised contains more than 2 per cent. 
of water.it is subjected to a dehydration process. 
This may be carried out in one or more stages, by 
passing the oil through hot water in a tank or 
series of tanks. Other systems are also in use, but 
the hot water method appears to be most commonly 
employed, though the losses are larger than in the 
other cases. From the well the oil and water 
mixture is led from above into a tank heated as a 
rule by steam admitted at the bottom. The oil pipe 
ends below the level of the hot water and the heat- 
ing of the mixture flowing in causes the water and 
oil to separate out. At the same time the gas con- 
tained in the oil escapes, and the lightest fractions 
also evaporate out of the heated oil. The tanks 
are, as a rule, crudely covered over, but are not gas- 
tight, and all vapour rising from the liquid is 
generally lost. The actual temperature reached 
in these tanks is said to be frequently as much as 
200 deg. F., at which figure these tests show that 
the loss by the process amounts to no less than 
8-5 per cent. of the volume of crude. At the lower 
temperature of 150 deg. F. the loss is put at 6-7 per 
cent., and figuring this to be gasoline valued at 
22 cents per gallon compared with crude at 3 dols. 
per barrel, the loss is nearly 21 per cent. of the 
original value of the crude, which may run daily into 
hundreds of dollars on a comparatively small plant. 

Supposing the oil to be relatively free from water 
as it comes from the well, so as not to require 
dehydration treatment, the first loss occurs in a 
“ flow” tank which receives the oil and allows the 
gas to pass off and water to settle out naturally. 
The actual loss sustained in such tanks was not 
measured in these tests but estimated on subsequent 
work. It is large, as the oil is fresh and the lightest 
fractions pass out very readily with the gas. The 
tanks are as a rule only protected by a rough cover, 
and the oil is discharged into them from an overhung 
pipe mouth. 

The next loss is sustained in the lease storage 
tank, in which the oil separated out in the flow 
tank is held till it is taken over by the pipe line 
company for transmission to the refinery. In the 





This loss consists, of course, mainly of the lighter 


for five days in these lease tanks, which are badly 
protected as a rule and at which, with the exception 
of the dehydration tanks, the greatest loss of all 
occurs. These tanks vary in size from a capacity 
of 60 barrels each up to 1,800 barrels. The 100- 
barrel, 250-barrel and 500-barrel sizes appear to be 
the most numerous. Sometimes these tanks are 
of wooden staves, and are fitted with wooden tops. 
Frequently the tanks are of steel, unprotected, 
and with only loose fitting sheet metal covers 
perforated by large openings for the overshot filling 
pipe, gauging holes, &c. In some instances greater 
care is bestowed on this storage, and the tanks are 
housed or cased in with wooden coverings, and the 
latter when well arranged may be practically air- 
tight. 

One of the principle ends to be secured according 
to these tests, is the prevention of air circulation, 
this being considered, apparently, a more im- 
portant point than actual temperature. Protec- 
tion from the sun is therefore not so important 
as enclosing the tanks so as to reduce the movement 
of air in contact with the surface of the liquid, or 
the stream of inflowing oil. Considerable loss arises 
from the fact that the oil issues from overhead 
connections and may have to fall several feet to the 
surface of the liquid in the tank. The height is 
often sufficient to cause a great deal of splashing 
and spray, with consequently rapid evaporation 
of the light fractions. Much of the resultant 
vapour escapes, 

The losses in these tanks are found to range 
up to 2-25 per cent. of a day’s production. They 
are greater in large tanks filled slowly, and wells 
of small output should therefore employ small tanks 
capable of being filled comparatively quickly. 
Further, instead of being filled by overhung con- 
nections, the oil should be admitted to each tank 
at the bottom. It is quite feasible to employ 
practically gastight steel tanks with wooden airtight 
jackets and bottom filling connections, under which 
conditions losses will be greatly reduced. The jacket- 
ing of a 500-barrel steel tank may effect a saving 
of 6-2 barrels of gasoline in five days, and this 
system of protection is found to be superior to 
housing, which consists in the main of rather rough 
wooden construction far from effective in pre- 
venting the circulation of air. In the Mid- 
Continental field with an annual production of 
195,600,000 gallons, the actual volume lost at this 
stage would appear to amount in the year to about 
122,180,000 gallons, which reckoned as gasoline 
of 22 cents per gallon, would represent a value of 
26,880,000 dols. lost as a result of an average of 
five days’ storage in lease tanks. It is recom- 
mended that the storage time at this stage should 
be reduced to as low a period as possible. 

At the large storage tanks at tank farms and at 
the refineries the actual evaporation is less per unit 
of time, but the average length of storage is greatly 
increased. These storage tanks are supposed to be 
gastight, but are seldom so actually. The period 
for which oil is held in such tanks, which are usually 
of the 55,000-barrel size, is over five months, ranging 
between four and a-half months to about six and 
a-half months. The oil, however, is constantly 
changed from tank to tank in this time, seldom 
remaining in the same one for any long period. 
During the earlier months the losses, as would be 
expected, are greater than during the later. In one 
instance the oil lost in a set of 30 tanks storing 
1,440,235 barrels, was found to amount to 2-23 
per cent. of the volume in a year, or 32,100 barrels 
of gasoline of a value of 297,000 dols. 

In transferring oil to the refinery other losses 
occur, including losses in filling tank cars from the 
pipe line, losses from the cars en route and losses 
in discharging the cars into storage at the refinery. 
In filling the cars the loss has been measured as 
0-30 per cent. of the volume, and in emptying as 
0-50 per cent. of the volume. The loss en route 
may be taken as 0-50 per cent. of the volume. 
Tank cars provide fairly effective storage. 

Taking into account the seasonal variation of the 
losses, the average figure of 6-2 per cent. referred 
to above, is obtained for the loss by volume from 
the well to the refinery under typical condi- 
tions, excluding the dehydration losses. This is 





Mid-Continental field the oil is held on an average 


apportioned as follows: Flow tank, 1 per cent. ; 
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tilling lease tank, 1 per cent. ; lease storage, 1-5 per 
cent.; gathering (pumping and pipe line, &c.), 
1 per cent.; transportation, 1 per cent.; and 
tank farms, 0-7 percent. These figures do not agree 
with the losses actually measured, but are values 
based upon the tests and taken to represent the 
average conditions for a year. We have already 
shown what a large volume of valuable light pro- 
ducts this represents. To reduce the losses, in 
addition to the recommendations made above it is 
suggested that all storage tanks should be gastight 
and kept under slight pressure, regulated by auto- 
matic valves. It is estimated that the precautions 
suggested would eliminate nearly the full 100 per 
cent. of the evaporation which now goes on 





PRESERVATIVE TREATMENT OF 
RAILWAY SLEEPERS IN INDIA. 

THE preservative treatment of railway sleepers 
has been so long practised in this country that 
methods have become quite standardised. Of 
course, when a source of supply is suddenly closed 
as was the case with the Baltic during the war, the 
process may have to be somewhat modified to suit 
the timbers to which a change over is made. The 
process has naturally to be carried out in a manner 
suited to the wood, but no less so with regard to the 
conditions under which the sleepers are to be used. 
It does not follow that a preservative treatment 
which has proved good at home will be equally 
satisfactory under other climatic conditions. In 
India for instance, the more extreme types of 
weather make it necessary to regard the process 
from quite a different point, apart from the fact 
that altogether different types of wood must be 
treated. The hot weather of India tends to dry 
out the oils used in impregnation to a greater 
extent than is experienced at home. The torrential 
rains also tend to wash salts out of the wood if a 
chemical process be adopted. 

Originally laid on cast-iron pot, and more 
recently on steel trough, sleepers, the Indian lines 
have for some time now been using in the main 
untreated wood sleepers. For these three kinds of 
wood are most generally used as being suitable in 
an untreated state. These are Sal, Deodar and 
Pyinkado. Sal (shorea robusta) is used to the 
greatest extent, while deodar (cedrus deodara) 
is next in importance. The approximate annual 
supply of these three timbers together, for all pur- 
poses, is something under 20,000,000 cub. ft., but 
the quantity available for sleepers is insufficient 
to meet the requirements of the railways and 
attention has had to be directed to other grades. 
In recent years Indian railways have even imported 
timber from America, such as red wood, or from 
Australia such as eucalyptus and hard woods with 
a view to meeting the requirements. The resources 
of India itself, however, should be, it is felt, sufficient 
for the whole country if other suitable wood could 
be found. Attention was turned to this subject a good 
many years ago by the Forest Department and a 
thorough scheme of tests planned, as a result of 
which it is now certain that the country could amply 
cover its own demands provided that suitable 
treatment be given to the substitutes, and of course 
the necessary development work be carried out to 
enable the timber to be cut and extracted. The 
timber resources of the country, with Assam and 
Burma, are enormous, but the timber is not all 
accessible, and the cost of extracting it would in 
cases be heavy. If it becomes, however, a question 
of the cost of this development as compared with 
importation, it ought to be possible to increase the 
possible native supply sufficiently to enable the 
local resources to be economically utilised. The 
cost is naturally greatest where suitable timber 
grows as isolated trees, when the cost of access 
often becomes disproportionately heavy. It would 
appear however that supplies in good quantity 
are available and in many cases reasonably access- 
ible, and of such the Forest Service draws attention 
to three kinds of Jerminalia, viz., sain (T. tomen- 
tosa), kindal (7'. paniculata) and hollock (7. myrio- 
carpa), several species of Dipterocarpus and other 
woods. 

These timbers have been selected as the result 
of a long series of tests conducted jointly by the 
Forest Department and the Railway Board. These 





tests were commenced in 1908, and the results of 
experience with these woods of ten years in the 
track recently became available. Commencing 
with laboratory experiments the programme was 
intended to cover the treatment of 20,000 sleepers, 
but it is often the case in India, as elsewhere, that 
the original programme is later curtailed, and finally 
rather less than 9,000 sleepers of five varieties of 
timber were tested in all. The woods tested in- 
cluded two varieties of Dipterocarpus, two pines 
and Terminalia, other varieties being tried on a 
smaller scale. The methods of treatment, also 
five, embraced Powellising, coal tar creosote 
(avenarius carbolineum), zinc chloride and green oil, 
solignum and Rangoon oil, green oil and liquid fuel. 
The processes, with the exception of the Powellising 
method, were carried out by Mr. R. 8. Pearson, 
C.I.E., and the results are summarised in a technical 
paper (No, 231) recently published by the Railway 
Board, Simia. 

Owing to the relatively small scale of the experi- 
ments the process adopted was in most cases the 
open tank method which, when quantities are 
large, is neither so economical nor so expeditious as 
the closed tank system. For the bulk of the work 
the latter was unfortunately not available, but the 
degree of impregnation with the open tank was 
satisfactory, and operation was manipulated until 
the desired results were obtained. The work was 
conducted at various points over India and Assam, 
and some sleepers were even shipped home for treat- 
ment by the Riiping open cell method. The closed 
tank work was conducted at the Assam Oil Com- 
pany’s works at Digboi, while the Powellising was 
done in Bombay by the agents of the system for 
India. The sleepers were distributed to be laid 
in batches on railways representing a very large 
variety of conditions in India, Assam and Burma, 
18 localities being utilised in all, representing dry 
tracts and districts of great humidity, exposure to 
various kinds of track conditions, pests, &c. 

The systems were selected with a view to keeping 
costs low, and it was for this reason that treatment 
with solignum was modified by the use of a propor- 
tion of Rangoon oil, and that a mixture of green oil 
and liquid fuel was used. In the zinc chloride process 
the salts are liable to become reduced after exposure 
to India rains, and the sleepers were therefore, 
subsequent to the impregnation with zinc chloride, 
treated with green oil (a good grade of coal tar 
creosote) to provide a seal. The results, as might 
be expected, varied considerably, but indicate that 
the two pines, chir and kail, treated, would last about 
nine years in a wet locality, and twelve or more in a 
dry one. The most interesting wood appears to be 
sain (TJ'erminalia tomentosa). These sleepers, after 
nine years in service, are reported to show 95 per 
cent. still in good condition and doing very well. 
They require no bearing plates for the rails and 
may be expected to last well over 12 years, and 
only to require replacement on account of cracking. 
Dipterocarpus tuberculatus, known as In, will last for 
10 or 11 years in wet ‘localities. These sleepers 
have failed eventually! at the rail seat. Other 
qualities are promising! but the tests have not 
been of sufficiently long duration to date to be 
conclusive. 

With regard to the preservative the powellising 
system appears to have been satisfactory, but more 
so in the drier than in wet regions. The treatment 
with small quantities of Avenarius Carbolineum 
does rot appear altogether to give satisfaction. 
The zine chloride and green oil treatment has pro- 
duced somewhat similar results, and the weight of 
evidence appears to be in favour of the full cell pro- 
cess using a mixture or creosote and liquid fuel 
in about equal parts. The “full cell” process is 
one in which, after treatment, the cells of the wood 
are left full of preservative. The method is the 
familiar one of subjecting the timber, heated, to a 
vacuum, and then submerging it in the preservative 
under pressure. It is opposed to the “open 
cell’’ or Riiping method in which the timber is 
first put under compressed air and then preservative 
is forced into the fibre under a still higher pressure. 
In this system when the pressure is finally relieved 
the compressed air in the cells forces out the surplus 
liquid resulting in a good deal of saving of the 
latter. The main claim of the system, we believe, 
is based on this economy. 





As a result of the investigation, taking into con- 
sideration cost of treatment and behaviour in the 
track, Mr. Pearson places first full cell treatment 
with creosote and liquid fuel, and of the woods 
gives preference to the T'erminalhas, several of which 
have given excellent results. The Dipterocarps come 
next in importance while the Pterocarps and pines 
are too valuable for other purposes. The import- 
ance of adzing and boring before treatment was 
clearly brought out in the tests, while the advan- 
tage arising from laying treated soft wood sleepers 
heart up in the track instead of heart down was 
emphatically demonstrated. The reason for this 
Mr. Pearson points out is that the sap wood absorbs 
more preservative than the heart wood, and also is 
more liable to split under exposure to the sun, from 
which it is protected if laid downwards, while the 
heart wood provides the harder surface for the rails 
and spikes. This is, of course, reversing the usual 
custom as regards untreated sleepers of this type of 
timber; but the reasons appear to be sound, and 
the tests afford practically conclusive evidence on 
the point. 








NOTES. 
SrreaM DiscHaRGEs at Low VELOCITIES. 

Wuitst the ordinary current meter is a satis- 
factory instrument for the measurement of river 
discharges at moderate or high speeds of flow, its 
indications become very unreliable when the 
water is moving at a very low velocity. Con- 
ditions of this kind occur during the low stage 
of the Blue Nile at Tobat, and in a paper just 
published by the Ministry of Public Works, Egypt, 
Mr. E. B. H. Wade, M.A., the director of re- 
search, describes a series of experiments made to 
devise a meter which would record with accu-+ 
racy velocities of less than 20 c.m. per second. All 
meters of the screw-type cease to record before the 
water speed has fallen to zero, and in the immediate 
neighbourhood of this limit the calibration curve 
ceases to be linear, and thus varying velocities are 
wrongly recorded. In the new instrument, which has 
been developed with the assistance of Messrs. Kent 
and Co., Limited, Luton, the plan has been adopted 
of giving the screw a positive rotation by means 
of a pulley and weight. With the screw immersed 
in still water this weight falls at a certain definite 
rate, and a corresponding number of revolutions is 
recorded by the registering gear. If, however, the 
water is itself in motion the revolutions made by the 
screw in unit time will be either increased or 
diminished, according to the direction of the flow. 
It is the resultant difference in the turns made per 
unit time which serves to measure the stream 
velocity. The experiments so far made indicate 
that the instrument is reliable and easily calibrated 
in situ. It has accordingly been decided to have a 
new instrument made by Messrs. Kent, in which 
will be embodied the improvements suggested by 
the experiments already made. This will be used 
for gauging the Blue Nile, and the results will be 
published in a further report. 





RESTARTING A BLAST FURNACE. 


The restarting of a blast furnace at the Cockerill 
Works after a stoppage of eighteen months is briefly 
described in the Revue Universelle des Mines. The 
only preparation which the furnace received pre- 
liminary to the stopping down was a reduction of 
one-fifth in the ironstone charge, the coke charge 
remaining the same. The air inlet problem in such 
circumstances is among the most difficult to deal 
with, since the heat in the furnace leads to a draught 
through all the invisible joints and cracks in the 
furnace structure, and to a slow and useless com- 
bustion of a notable portion of the coke, thus 
compromising ultimate restarting. In order to 
prevent entirely the combustion of the coke it is 
sufficient to establish by means of the gas outlet 
pipe a communication between the furnace and the 
gas main, the pressure in the latter preventing air 
from penetrating the furnace. This, our con- 
temporary further states, is a very simple means, 
for the whole of the blast furnaces in a plant are 
very seldom stopped down together, and those 
which remain in activity supply the required 
pressure. On the other hand, in order to prevent 





losses of gas, care must be given to the complete 
closing of the tuyéres of the furnace, and the furnace 
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structure has to be repointed as in an ordinary 
damping down operation. The gas pressure, which 
is very low, soon ceases to be necessary, since 
combustion being impossible, the furnace gradually 
cools down and the air inlet difficulty is done away 
with. The extinction of the coke in the furnace 
becomes complete, a fact which causes no difficulty 
when it is desired to restart the furnace. If, as is 
generally the case, hot blast at a temperature of 
800 deg. C. is available, the lighting of the coke 
proceeds regularly. Should the hot blast not be of 
the required temperature, there is no difficulty 
in promoting relighting at the taphole previously 
enlarged, or at the slag notch, through which 
shavings and wood are inserted. The furnace which 
the Cockerill Works started working again after a 
stoppage of one year and a-half was tapped 6 hours 
after the blast was first supplied it, and both the 
pig-iron and the slag were normal. The only sign 
showing the furnace to have been idle for so long 
was the heightening of the tap-hole level by 75 cm. 
(29 in.); the normal level was only re-established 
after the furnace had been working for 48 hours. 
The Belgian review further states that the ease with 
which the furnace was restarted completely upholds 
the method put forward several years ago by the 
Cockerill Works, but which they had not, so far, 
resorted to for stoppages of any long duration. 


Coat-MINING WITH THE AID oF GasEous AcIDs. 


Engineers have during the last few years become 
familiar with the fact that groups of coal con- 
stituents are distinguished in the thin layers of 
banded bituminous coal, and that these groups, 
known as fusain, durain, clairain and vitrain, differ 
as to structure, fracture, lustre, coking properties 
and chemical composition. Since the final products 
of any chemical processes to which coal is submitted 
may little resemble the original constituents of 
the coal, it is all the more valuable for the investi- 
gation of the constitution of coal to have some 
natural separation to start witb, and to keep those 
thin layers of fusain, &c., separate during the work. 
Treating fusain with hydrochloric acid, Dr. R. 
Lessing quite recently observed not only a copious 
liberation of carbon dioxide, but also that con- 
siderable portions of mineral matter could be 
extracted and that the coal itself was left in a 
brittle condition. Acids had been used before for 
extracting the soluble constituents and for attacking 
the organic constituents of coal, but they had been 
applied in relatively high concentrations. Having 
placed lumps of coal in hydrochloric acid of a weak 
concentration, practically excluding the possibility 
of a reaction with the organic matter, Dr. Lessing 
could easily crush the lumps between his fingers. 
The general disintegration of the massive coal 
showed that the attack was not confined to the 
visible cleats and white partings of the coal, but 
that it affected the whole coal, which must hence 
be intersected by innumerable, partly microscopic 
fissures filled with materials similar to the ankerites, 
carbonates of calcium and iron, &c., forming the 
bulk of the separable partings. Various acids 
answered equally well for this decomposition in 
situ, even carbonic acid. The observation suggested 
the use of acids in coal mining, as a substitute for 
blasting agents, for the purpose of loosening the 
coal, and to meet objections against mineral acids 
which might damage screens, grates and boilers, 
Dr. Lessing tried gaseous sulphur dioxide. Holes 
were drilled into the coal, obliquely downward, and 
charged with sulphur dioxide from cylinders for 
several hours; the coal absorbed the gas eagerly. 
The hole was sealed with wet clay and left closed for 
a day or two ; the coal-get ‘ing was afterwards found 
to be facilitated. The underground experiments so 
far made, in the Tinsley Park and the Brereton 
Collieries, are of course, not conclusive, and Dr. 
Lessing was hence criticised when he brought the 
subject in a paper on the “ Disintegration of Coal 
by Acids” before the Institution of Mining Engineers’ 
meeting at Burlington House some time ago. It 
was objected that provisional results should not be 
published ; Dr. Lessing replied that the problem 
could not be solved by individual effort. About 
1 part by weight of sulphur dioxide is used per 1,000 
parts of coal; the sulphur dioxide need not be 
pure, and would cost 244. per ton of coal; all the 
acid gas in the coal is washed out on the screens, 


and the treatment undoubtedly facilitates the 
washing ; there has been no complaint about acid 
fumes, which should indeed not arise. There is thus 
sufficient inducement to give the sulphur dioxide 
a proper trial. 





THE GOLD COAST RAILWAYS. 

Nor long since we dealt in these columns with a 
report by Lieutenant-Colonel F. D. Hammond, 
C.B.E., D.S.O., on the railways in British territories 
in East Africa. The Crown Agents for the Colonies 
have lately published a further report* by this officer, 
which was drawn up subsequent to a tour of the 
Gold Coast Railways early this year. The Gold 
Coast territories stretch over 400 miles in a direction 
north and south, and something under 300 miles in 
an east and west direction. In this space are com- 
prised the original Gold Coast, Ashanti, a large tract 
of country known as the Northern Territories, and 
mandated territory on the east forming part of what 





was previously Togoland. Although extending so 





to be completed ion the middle of 1923. Besides 
this, it is proposed to run a line from Seccondee, 
or rather the new port of Takoradi, 4 miles from 
Seccondee, in a north-easterly direction into a 
district known as the Central Province, with a 
terminus at present suggested either at Kotoku 
or Kyea. In the more remote future it is proposed 
to continue this line to effect a junction with the 
Tafu-Coomassie line, while further plans are to 
construct a line out to the Western Province in the 
direction of Wioso, and also to run a railway right 
into the Northern Territories. Of these, the Western 
Province line would possibly extend to close on 
200 miles in length, and the Northern Territory line 
to considerably more. This sounds rather a large 
order, but as the Central Province line is the only 
one which has taken sufficiently definite shape for 
the date of its completion to be placed tentatively 
at 1930, and the others are to be constructed as 
financial conditions permit, the whole will clearly 
not be realised for some time. 

Another matter, besides finance, is likely to have 
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far inland from the coast, the furthest point up- 
country served as yet by railway is Coomassie, the 
line to this place from Seccondee, the present port, 
being only 168 miles in length. A second line runs 
inland from Accra, which lies to the east, but has 
a length of only 68 miles, so that the territory as 
a whole is not at present very adequately served. 

We give in the accompanying figure an outline 
map indicating the present systems, but this only 
shows the southernmost third of the whole territory. 
Each system consists of a main line, the branches 
being of almost insignificant length. Dealing with 
the Seccondee-Coomassie length first, this railway 
as originally located involved grades of 2-5 per cent. 
and curves of 330 ft. radius. The ruling gradient 
now on the line is 2 per cent., but the sharpest curve 
still remains of 330 ft. radius. The Accra-Tafu 
line followed a better alignment. The maximum 
gradient in this case is 1-25 per cent., and the 
smallest radius 660 ft. On the Coomassie line a 
good deal is being done to eliminate the worst 
features of the original location. Work is now 
proceeding on realignment as far as Dunkwa, with 
@ view to a maximum grade of 1-25 per cent. against 
up-country and 1 per cent. against coastwise 
traffic, the limiting curvature adopted being 8 deg. 
(716 ft. radius). This work includes deviations on 
a considerable scale, one of which, at Abosso, is 4 
miles in length. This work is affording the oppor- 
tunity of relaying with 80-lb. material. 

A very considerable programme of extensions has 
been adopted, and in fact part of this is not only 
already in hand, but certain lengths are now open to 
traffic. The chief work in progress, apart from re- 
alignment, is a cross-country line of 128 miles in 
length from Tafu to Coomassie via Jyajate and 
Kwahu-Praso. This line was opened during the 
past year as far as Jyajate, from the Tafu end, a 
length of 29 miles, and for a distance of about 
44 miles from Coomassie. The whole is expected 





* The full title of this report is “* Report on the Rail- 








way System of the Gold Coast,” published by the Crown 
Agents for the Colonies, London, S.W. [Price 4s. net.] 


a direct influence on this programme. In connection 
with the mining industry there is an agreement that 
not more than 7,000 labourers are to be employed 
on railway development work at a time. Colonel 
Hammond states that from this number have to be 
found the men required for the Seccondee-Dunkwa 
realignment, and the Takoradi Harbour work, so 
that the number available for new construction at 
the moment is limited, and is not likely to prove 
excessive for a good while to come. The new port 
at Takoradi is intended to provide ultimately deep 
water accommodation for steamers, which both at 
Seccondee and Accra now have to lie off in the open 
roadstead. The work, which will comprise a 
sheltered anchorage, with wharfage, is estimated to 
cost 1,600,000/. The railway system will in the 
main be based on this new port. With this in mind, 
Lieutenant-Colonel Hammond recommends that 
everything should be done to push on with the 
construction of the Central Province railway to 
Kotoku. In fact, he considers that such a line 
might well have had preference over part of the 
Coomassie-Tafu line now building, and such a 
contention would appear to be quite logical. There 
was, however, an adequate reason for the action 
actually taken, and that was that the Coomassie- 
Tafu line was sanctioned and commenced some time 
before the Takoradi Harbour scheme was settled. 
As already mentioned, the cross-country line is 
expected to be finished next year, while the re- 
alignment to Dunkwa should also be completed then. 
That would release a large number of men for work 
on the Central Province line if the necessary pre- 
liminary work has been accomplished in time. 
Obviously with a big programme ahead, and com- 
paratively small forces, everything should be done 
to keep the men together and draft them from one 
scheme to another rather than let them disperse 
only to have to collect and reorganise them later. 
With regard to a proposed coastal line between 
Acera and Seccondee, such a railway may be con- 
sidered, it is held, to be hardly necessary. It would 
appear to offer some advantage for the valuable 
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cocoa traffic from between Tafu and Nsawam 
to the port, which ultimately will be Takoradi, 
but such access will be available via the Central 
Province line, and as export traffic from inland 
sources is the standby of the country a coastal 
railway would probably be of far less benefit 
than any line striking fresh inland country. 
For this reason, after the Central Province line, 
Lieutenant-Colonel Hammond considers that the 
Western Province line might be taken in hand, 
and that it would probably best be constructed as 
a branch line from some point on the Seccondee- 
Coomassie line, possibly as a continuation of the 
Tarquah-Prestea branch. 

The Tafu-Coomassie line is being constructed 
with gradients of 1-25 per cent. against imports, 
and | per cent. against exports. In view of the 
probable flow of traffic when the programme of 
construction is further advanced, the present re- 
port suggests that this line might be regraded 
between Jyajate and Kwahu-Praso to give 1 per 
cent. grades against westbound traffic, if the cost 
should not prove excessive. Grades of 1 per cent. 
are also recommended for the Central Province 
railway, and the report makes a good case for 
rejecting any attempt to reduce this maximum 
gradient. The country traversed is irregular and 
broken, and to secure maximum grades of 4 per 
cent., as apparently advocated in some circles in 
the colony, would lead to excessive expenditure on 
permanent works which would be offset by no 
adequate reduction in operating expenses. 

The financial position of the railways is good, 
and the prospects of the new lines becoming re- 
munerative after a short time are said to be very 
fair. As between the railways and the Government 
Treasury there is a net balance according to the 
report of 460,516/. The working results for 1921 
showed net earnings of 250,8581., which was the 
lowest figure since 1912. The increase in rates 
in recent years has, however, only been 15 per cent., 
while costs have risen very greatly, so that the 
position is not at all unsatisfactory. When interest 
charges, war bonuses and depreciation are allowed 
for there was an actual deficit of 94,4741., but 
included in the loans charges allowed is a sum of 
133,1871. which relates to the capital expenditure 
on realignment and new work. The working of 
open lines is therefore satisfactory. The effect of 
the new undertakings has not yet become evident 
on traffic, and the indications are that as soon as 
they are far enough advanced for their beneficial 
effect to be felt the interest will be easily covered. 

When the Tafu-Coomassie line is opened re- 
organisation will naturally be made possible in the 
direction of economy. The efficient working of two 
separated railways must necessarily be more 
expensive than of one system. The two involve 
more expensive supervision and higher costs in 
connection with stores, repairs and so on. The 
report goes into the question of the ultimate 
organisation of the system, which, however, we 
need not dilate upon. It will suffice to say that it 
should in the norma] course produce some economy, 
and if traffic holds good there is every prospect 
that in future years the operating results will 
improve. 

As a result there should be no hesitation in 
Lieutenant-Colonel Hammond’s opinion in raising 
loans to cover the new construction proposed. In 
the past a good deal of extension and other work 
has been done out of the surplus balances of net 
profits, involving well over one million sterling ex- 
penditure, but from the figures in the report it would 
appear that construction by means of loans would 
be quite justified and would enable more to be 
accomplished without handicap to the railway 
or the colony. The accumulated credits of the 
railways in the Treasury are said to be 1,654,871. ; 
this amount, if certain renewals were allowed for, 
would not suffice for the Central Province line. 
Resort would therefore have to be made to a loan 
even in this case. 

For the full benefit to accrue from the relaying 
with 80-lb. instead of 50-Ib. rails a stronger coupling 
will be needed. This would absorb about 60,000/., 
while Lieutenant-Colonel Hammond recommends 
that, when this has been introduced, no locomotive 
with less than a 16$-ton axle load should be pur- 
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chased. It is suggested that somewhat less ex- 
pensive designs of rolling-stock might be adopted 
without harm. The proposal is also put forward 
that annual conferences might be arranged between 
the chief locomotive officials of the Gold Coast 
and the Nigerian Railways with a view to standard- 
ising types and designs. This would appear to be 
excellent, since some day in the future the systems 
will quite likely connect with each other. 


LITERATURE. 


—— 

Shield and Compressed Air Tunneling. By B. H. M. 
Hewett, M.Am.Soc.C.E., and §8. JOHANNESSON, 
M.Am.Soc.C.E. New York and London: McGraw- 
Hill Book Company, Inc. 1922. [Price 25s. net.] 
Ly constructing a tunnel through loose ground or 

water-bearing strata, some contrivance as a covering 
shield is necessary to support the ground round the 
tunnel excavation until a protective lining has been 
securely placed. The shield, to be effective, will be 
so designed that it permits of setting forward the 
excavation, and of building the lining in such small 
steps that the two operations can be carried on 
concurrently. In firm rock, and in some clay soils, 
the excavated work may stand unsupported for 
some time, and the shield can be dispensed with, 
but as a rule the greater the support needed, the 
greater the necessity for the shield. 

But however obvious such a device may appear, 
its application is comparatively recent, for the 
work for which it was fitted was not undertaken till 
within the last century. The history of tunneling, 
which the authors sketch very thoroughly, shows 
that the introduction of the shield has given great 
impetus to this branch of engineering work, has 
rendered feasible the construction of tunnels which, 
without its aid, would have been prohibitively 
expensive, or mechanically impossible. Not a 
century has passed since Brunel, in his work on the 
Thames Tunnel, was forced to invent, and subse- 
quently patented, the first tunnel shield. From 
that time onward the development of the shield has 
proceeded pari passu with the increased demand 
for tunnel work, which, in its turn, depends on the 
growth of population, and the need for greater 
facilities for transport, whether of passengers or 
goods, of water or gas. But the difficulties against 
which this pioneer had to contend are implied in the 
fact that eighteen years were required to construct 
the tunnel. But neither Brunel, nor anyone since 
his time, has conceived any other distinctive device 
that would accomplish the purpose more perfectly, 
and the fundamental principles embodied in his 
patent, form the basis of the modern type. The 
completed arrangement includes a protecting shield 
covering the whole periphery of the tunnel, under 
which the excavating work can be carried on, and 
the lining erected without the necessity of internal 
timbering ; a stiffening structure to prevent the 
collapse of the shield, provided with horizontal 
platforms to enable work to be carried on con- 
veniently at several stages; a rear extension, the 
modern tail, overlapping the tunnel lining, and 
permitting the lining to be erected in short lengths ; 
and finally, screw or hydraulic jacks for moving the 
shield forward. 

The success of the Thames Tunnel was not so 
conspicuous as to invite immediate repetition, and 
no practical improvement was made till Greathead 
revived the plan in his memorable work on the 
Tower Subway. In this instance, Greathead 
designed the shield, constructed the tunnel, and 
finished the work, within the year (1869), amply 
demonstrating the possibility of the plan, and the 
advantages of its application under suitable condi- 
tions. A form of tunneling which seemed beyond 
the capacity of man was achieved, but improve- 
ments came slowly. Compressed air in combination 
with shield protection was introduced in 1886. 
Water trapping, another of Greathead’s ingenious 
contrivances, was schemed to assist the Liverpool— 
Vyrnwy aqueduct. In the Blackwall Tunnel (1892) 
provision was made for the mounting of hydraulic 
erectors directly on. the shield, for the purpose of 
manipulating the heavy cast-iron segments needed 
in construction. Face-jacks were brought into 
action a year or two later, with the object of support- 
ing the face breasting during the forward movement 
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of the shield. It has also been found possible to 
employ mechanical excavators, where the soil to be 
penetrated has been suitable. On many miles of 
tube railways in London the scheme has proved 
successful in clearing away the blue clay. Emer- 
gency locks built on the shield, to be used as a means 
of escape for the workmen in times of crisis, are a 
quite late introduction, and air-locks for decom- 
pression were not provided in London prior to the 
construction of the City and South London Railway. 
So late as 1889, on the Hudson Tunnel (U.S.A.) 
men died at the rate of 25 per cent. employed per 
annum from neglect of necessary precautions in 
decompressing, “and nobody seemed to care.” 
In an admirable chapter on “‘ Compressed Air IIl- 
ness,” the authors are able to report most satisfactory 
improvement in this respect. Many more accessories 
might be mentioned, including the grouting machine 
for forcing lime or cement grouting outside of the 
tunnel lining, and thus filling the voids left by the 
tail of the shield, all showing increased complication, 
while adding to the utility. The modern mechanism 
has varied materially from the simple contrivance 
that Brunel imagined, and Greathead realised. 
Perhaps what has been said will suggest the wealth 
of detail described by the authors, and the impossi- 
bility of entering into any adequate summary. 
Practically every great undertaking has given scope 
to ingenuity, and led to the introduction of some 
new feature, which has demonstrated its value 
under the conditions where it was used. But the 
very rapidity of the constructional work has pre- 
vented the accumulated experience being collected 
and digested with that degree of thoroughness which 
is necessary to indicate the safest way to practical 
success in new undertakings, where differences of 
soil or construction may call for modification of the 
plant, or of the method of use, to ensure satisfaction 
in a particular instance. The object of the authors 
is to systematise the floating information, and to 
deduce some general rules of theory and practice 
to serve as a stepping-stone to the standardisation 
of the art of tunneling. This comparison is the 
more necessary, as one hears but little of the failures, 
while successes are apt to be exaggerated, and lead 
to the application of the method where circumstances 
do not warrant it. Shield-driven tunnels have been 
built in such rapid succession in the last thirty 
years that the method has come to be regarded as a 
panacea for all the ills encountered in tunneling. 
Experience has, however, demonstrated the true 
purpose and value of Brunel’s original device. It 
is recognised as an adjunct to, and not a substitute 
for, rigorous mining methods. Its essential service 
consists in reducing the amount of timbering other- 
wise necessary ; safeguarding the work and work- 
people ; speeding the progress and increasing the 
economy of tunnel construction. This is the con- 
sidered opinion of the authors, who have had large 
experience, both in England and America, and it is 
the lesson they have endeavoured to bring home to 
the profession. This object they are likely to achieve 
by their masterly grasp of detail, and wealth of 
information exhibited. They have had, as is shown 
by the large bibliography attached, access to all 
current literature, American or foreign, and the 
accumulated facts, illustrated by references to actual 
instances, will be regarded in this country as a 
welcome commentary and addition to Mr. Copper- 
thwaite’s well-known work on Tunnel Shields. 


A Treatise on Weighing Machines. A Guide to the 
Principles underlying the Construction of Weighing 
Instruments. By Groree A. Owen, Chief Inspector 
of Weights and Measures for the County Borough of 
Smethwick. London: Charles Griffin and Co., 
Limited. 1922. [Price 12s. 6d. net.]} 


Tue author is under the impression that this is 
the first English treatise dealing with weighing 
machines, but some qualification of this wide state- 
ment seems necessary. The principles and practical] 
applications of weighbridges and platform machines 
have been described with even greater detail than 
is given here, and much has been written on the 
technology of this apparatus. But this is not to say 
that the book is wanting in originality of design or 
thoroughness of execution. Indeed, the author has 
had before him throughout a well-designed purpose, 
which he has followed with clearness and success, 
and the result will be appreciated by the very large 
class he has addressed. Candidates for the Board of 
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Trade examinations, and Inspectors of Weights and 
Measures, have been especially well catered for. 
Starting with the theory and construction of the 
simplest form of beam scale, Mr. Owen has traced 
the progressive development that has resulted in 
the most modern form of weighbridge, whose 
accuracy of record and deftness of operation seem 
uncanny. 

In revealing this tale, he has so arranged his 
book to give maximum assistance to those who are 
engaged in the actual work of construction of 
weighing machines, who should understand the 
principles on which their work depends and grasp 
the reasons for the rules and processes adopted. 
Recognising the limitations of this class of readers, 
the introduction of mathematical formule has been 
purposely avoided or, if used, they are translated 
into ordinary language. Mr. Owen is to be congratu- 
lated on the general accuracy and amount of infor- 
mation that he has been able to convey, relying on 
the simple theory of the couple. One could have 
wished that he had not thought it necessary to insist 
so frequently on three orders of levers, as if some 
new principle were involved in each, but possibly 
the use of this method of illustration will appeal 
more convincingly to his readers. 

After setting out some elementary principles of 
mechanics which include the whole mathematical 
apparatus it is proposed to use, the author describes 
the beam and the theoretical conditions which it 
must satisfy to work accurately and conveniently. 
The principle of weighing consists in establishing 
equilibrium between two forces, and this is most 
easily accomplished by attaching scale pans to the 
beam. The spring balance dispenses with the beam 
and secures equilibrium in another way, and those 
are the only two devices used in the weighing 
machines of commerce. The whole difficulty consists 
in correctly indicating, or in interpreting, the indica- 
tions when equilibrium exists. To make that 
interpretation simple and convenient under very 
varying loads by removing all sources of error, and 
at the same time preserve sufficient stability and 
sensitiveness, has taxed ingenuity severely, and in 
explaining thoroughly how mechanical success has 
been achieved by following the suggestions of a 
strict theory, the author has been quite successful, 

The beam balance is skilfully treated, and those 
for whom the chapter is written should give close 
study to the remarks on the position of the fulcrum 
with regard to the terminal knife-edges, and the 
relations obtaining between the centre of gravity 
and the line joining the terminal knife-edges. Here, 
and in the chapter on friction, evidence is afforded 
of much practical experience, and we would cordially 
support the contention, that ordinarily the load 
which the knife-edges of weighing machines have to 
support is inconsistent with durability. Some 
improvement might be effected by increasing the 
length of the knife-edge, but it is not easy to make 
these sufficiently long to meet the requirements, 
owing to the difficulty of producing a long and true 
straight-edge. 

Another practical matter which it seems hardly 
necessary to stress, though the author asserts it 
is one that is frequently misunderstood in manu- 
facture, is the correct position of the knife-edges and 
their respective bearings. The rule given here should 
no doubt be observed, that the knife-edges should 
be placed on that part in which it is most essential 
to maintain the accuracy of distance. If this 
elementary point is not recognised by makers, the 
necessity for a book which sets forth elementary 
principles is amply demonstrated. 

Other problems not so easily settled, but which 
invite debate, come under review. For instance, 
on the relative advantages of short and long beams ; 
attempts to reconcile the incompatible claims of 
stability and sensitiveness ; the legitimacy of “ acce- 
lerating ” machines, whether as beam-scales or plat- 
form machines, the author prudently reserves judg- 
ment, and from considerations of space, we are glad 
to exhibit a similar discretion. On the last point, 
however, of the admissibility of unstable instruments, 
it is to be noted that the Board of Trade will not 
admit that rapidity of result is sufficient excuse for 
sacrifice of accuracy, and refuse to verify such 
machines. Similar authorities on the Continent and 
in America take the same view and insist on the use 
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of a “,vibrating” machine. This decision seems 
to be quite justifiable in our view. 

It would be a pleasant task to trace the develop- 
ment of the use of unequal armed balances, and the 
extension of the method to compound weighing 
machines as seen in the weighbridges, and the 
operation of self-indicating scales, which permit 
the weighing of the separate trucks of a train while 
travelling slowly but continuously. But details of 
those practical applications will be found in the 
book itself, and on the descriptions are repeated the 
same care and completeness that are exhibited in 
the case of simpler mechanism. 





Practical Accounting for General Contrectors. By H. D. 
Grant. First edition. New York and London: 
McGraw-Hill Book Company, Inc. [Price 15s. net. ] 

GENERAL contracting has been given singularly 

little attention as regards efficiency of organisation 

and effort, and the author of “ Practical Accounting 
for General Contractors” seeks to render some 
assistance in this respect by describing a system 
which has been evolved for the benefit of this class 
of business. The whole field is covered, although 
as is to be expected from such a book, much of the 
matter is of an elementary character. The author 
divides the treatment into three sections : Financial 

Accounting; Field Accounting Control; Mis- 

cellaneous Matters. 

In the part devoted to Financial Accounting, 
the reader is taken from discussing the need for an 
accounting system to the preparation of the financial 
statements. The different types of contracts are 
described as also are the different accounts by which 
expenditure and income are recorded and carried 
forward for the building up of final statements. 
The question of the distribution of overhead charges 
is a comparatively simple proposition with con- 
tractors’ work because of the non-association of the 
work of one contract with another, making it 
possible for many items of this nature to be booked 
direct, the remainder being too small for the method 
of distribution to be of much consequence. 

In the part dealing with Field Accounting Control, 
the need for detailed costing is emphasised. “It is 
not sufficient for the contractor to know 
so much has been expended for labour, material and 
expense, he should know, for instance. 
the labour cost of digging the basement, sheeting 
and bracing the banks, shoring adjoining buildings 
if necessary,” &c. The author argues correctly 
that detailed costing is necessary because most of the 
work done is done to estimate, and neither com- 
parison nor control is possible except the detailed 
costs are made available. 

The general organisation and the duties of the 
personnel are described, while in a succeeding chapter 
a method of booking the various items of expendi- 
ture under account and sub-account symbols is 
shown. This method has been developed to a 
considerable degree by the use of mechanical 
accounting machines, but there is no doubt as to its 
value. For example, labour is booked to Account 
No. 111, but the entries which will be used to 
make up that account will be made under the sub- 
account number, as digging, general, 111-01; 
digging, sub-basement, 111-02; pumping, 111-06. 
The total expenditure for labour would be the 
summation of all the sub-accounts bearing that 
master number. There is a decided advantage in 
being able to ascertain the respective value of the 
items which have gone to make up such totals both 
from the standpoint of estimating and of general 
administration. It is questionable if the insertion 
of the decimal or point between the account and 
sub-account number has any value. The accounts 
are not likely to exceed 800 in number, and it would 
appear to be as clear to type or write 11106, 
it being understood that the first three figures 
referred to the account numbers, the first of 
which would start at 101, and the remainder to 
sub-accounts. 

Part 111 deals with various matters, the most 
important of which are the preparation of estimates 
and the legal aspect of contracts, while as an 
appendix, are given examples of contracts drawn up 
to meet the various conditions under which these 
are placed. The book is interspersed with many 
forms, and numerous examples are given of the 








various accounts required, and it will undoubtedly 
be of assistance to those contractors who are 
desirous of overhauling their methods of keeping 
accounts. 
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NOTES ON NEW BOOKS. 


Some new publications of the Géschen series have 
appeared. They are small volumes, 16mo size, of 
about 150 pages, well illustrated by diagrams and 
photographs, and are popular only in so far as they 
were written to be intelligible to the educated man, but 
are scientific in their language and treatment. The total 
absence of the popular talk, which frequently makes 
so-called popular science books objectionable and 
useless, and of advertising features, is striking. There 
will be a demand for such books especially on the 
Continent among young and old whom altered con- 
ditions force into trying to obtain efficiency in new 
careers. The first of the three volumes before us is 
on “ Elektrische Oefen,’’ by Professor Oswald Meyer, 
of Klagenfurt, the old capital of Krain (Carniola), 
which is still left Austrian. The other two are on 
electrotechnics, on ‘“‘Gleichstromtechnik’’? and on 
“‘Wechselstromtechnik,” both by Professor J. Herrmann, 
of the Stuttgart Technical High School. It is not easy 
to deal with direct-current dynamos and motors and 
with accumulators, and with alternating-current 
machinery, dynamos, motors and transformers, in so 
limited a space, but we think that little fault will be 
found with Professor Herrmann’s lucid exposition. 
Professor Meyer likewise manages to condense a great 
amount of useful information into his book on electric 
furnaces. 





The reduction of friction is one of the greatest 
factors in the improvement of the efficiency and the 
diminution of wear and tear in any machine, and for 
that reason the inclusion of a work on “ Lubrication 
and Lubricants,” by J. H. Hyde, in the well-known 
series of Technical Primers published at 2s. 6d. net 
by Sir Isaac Pitman and Sons, Limited, is to be com- 
mended, The subject is, of course, too large to be 
dealt with exhaustively in a small book, but an 
endeavour has been made to show the present state of 
knowledge on the subject and the experimental work 
on which it is based, as well as to indicate the efforts 
that are being made to increase the available informa- 
tion. The author discusses the nature of frictional 
actions as a preliminary to the consideration of the 
theory of lubrication, and continues with chapters on 
the physical, chemical and mechanical testing of 
lubricants and on recent developments and examples of 
applications. There are many references to the original 
papers of experimental workers and to the larger 
works on the subject, which increase the value of the 
book to those among its readers who need more detailed 
information on specific points. The chapter on recent 
developments in lubrication includes descriptions of 
the improvements of bearings effected by A. G. M. 
Michell, the outstanding results obtained in the course 
of the author’s experimental work on oils at the 
National Physical Laboratory, and in the research 
work of Southcombe and Wells and of Archbutt on 
the improvement of the lubricating properties of 
minerals oils by the addition of fatty oils. The author 
is to be congratulated on the production of an interest- 
ing little book which deals with the essentials of the 
subject in a readable way. 

The wool industry, like many another, has been 
built up by the practical men who followed on the 
successes of earlier generations with greater achieve- 
ments. Any effort to systematise the knowledge 

by such workers and towards the applica- 
tion of scientific method to the treatment of the some- 
what obscure actions upon the material which take 
place within the machines is of importance, as it 
removes the necessity for repeating the endeavours 
already made. The new schools of textiles in our 
colleges are doing valuable service to the industry 
in this work. Progress must depend upon a basis of 
clear insight into the processes and actions, but this 
may partly be acquired by systematic instruction, and 
thus with a reduction in the long years of drudgery 
necessary to acquire knowledge by experience. With 
such preliminary training for those who are destined 
to take leading positions in the industry the rate of 
progress will certainly prove to be much more rapid. 
Professor Aldred F. Barker, M.Sc., of the University 
of Leeds, is one of the most earnest workers along this 
line, and shows his aims in his recently published book 
on “* Woollen and Worsted Spinning,”’ which is issued 
by Messrs. Cassell and Co., at 12s. 6d. net. This work 
is not merely a treatise dealing with the manufacture 
of cloth from the raw materials, with descriptions of 
the various types of machines employed in the industry, 
but has been specially designed to develop the critical 
outlook and systematic reasoning capacity of those 
young textile workers and machine designers who 
read its chapters. 





Coal, the greatest natural product of Britain and 
perhaps one of the most wastefully employed, is at the 





experimental workers, whose aim is to derive from it, 
by heating, the many valuable by-products it can give 
and make use of the combustible gas and residual solids 
in heat production for industrial and domestic purposes. 
Work which has as its goal the efficient use of our 
coal with the resulting economic gain and the pre- 
servation of a clear atmosphere for our townspeople 
to live in, is of the highest national importance. The 
University of Sheffield recently arranged a series of 
five lectures by authorities on the various phases of the 
subject, and these have now been published together by 
the ‘ Colliery Guardian ’’ Company, Limited, at a price 
of 5s. Dr. Marie C. Stopes delivered the lecture on 
“The Constitution of Coal,”’ and she presented the 
modern views on the subject in such a way as to provide 
a very readable article. The treatment of coal in its 
preparation for industrial and domestic uses provided 
Mr. F. 8. Sinnatt, of the Manchester College of Techno- 
logy, with a subject of considerable interest. The 
important question of carbonisation is one of the 
greatest complexity, but Dr. Lessing has, within the 
scope of a short lecture, managed to show something 
of the nature of the problems involved and the progress 
already made. Mr. Horace Chamberlain, of the 
Sheffield Gas Company, delivered the lecture on ‘‘ The 
Purification of Gas.’’ The last lecture of the series, 
** Ammonia from Coal,’’ by Professor J. W. Cobb, of 
the University of Leeds, was of interest in providing 
information regarding the results of experimental work 
on the effect of various actions on the yield of this 
valulable by-product. 





THE USE OF GROUT IN CUT-OFF TRENCHES, 
AND CONCRETE CORE WALLS FOR 
EARTHEN EMBANKMENTS.* 

H. J. F. Gourtey, M.Eng., M.Inst.C.E. 

Grouted Cut-offs.—A careful examination of the 

descriptions of recent water schemes in which extensive 

grouting been carried out—chiefly in America— 


leads to the conclusion that our present methods might 
well be reconsidered with the view to reduce the cost of 
dam foundations and to save time without in any way 
sacrificing watertightness or stability. 

In many earthen embankments the cut-off trench has 


Fig.1. CROSS SECTION SHOWING DEPTH OF CUT-OFF. 
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been carried to great depths in shales and stratified rocks, 
not for any other reason than to intercept and seal open 
joints and fissures, and in some cases it has been question- 
able whether a good degree of watertightness has been 
obtained, though it is true that any open fissures below 
the limits of depth of the trench are not likely to allow 
much leakage since they will probably be small, and the 
water from the reservoir would have difficulty in obtaining 
access, especially after a few years of use and consequent 
deposition of fine silt over the bottom of the reservoir. 
There must, in most cases, be some measure of un- 
certainty as to whether the trench has really cut off all 
fissures, &c., likely to allow leakage. 

Ona pre-war basis, the actual contract cost of excavating 
a cut-off trench and refilling with concrete is compared 
with the estimated cost of excavating and concreting 
the same trench, but only to an average depth of 30 ft. 
across a valley, with, of course, a greater depth in the 
flanks, the cut-off below, which limit is to be grouted and 
carried to the same ultimate depth as in the original case. 
The cross-section of the valley is shown in Fig. 1. The 
height of the puddle wall is taken to be 120 ft. above the 
lowest point in the valley. By the ordinary method the 
total cost for the trench work amounts to 50,0001. By 
the alternative method the total cost amounts to 30,000/. 
The saving is, therefore, 20,000/., from which must be 
deducted the value of the excavation saved regarded as 
embanking material, and this would make the net saving 
19,0007. The deeper trench and concreting would take 
2} years to carry out, while the alternative method 
would take 1} years to 1} years. 

To bring out the salient features of the grouting method 
the procedure and results obtained in two or three of 
several cases will be briefly described. 

At the Lahontan earthen embankment, Nevada, con- 
structed by the United States Reclamation Service in 
1913 and subsequent years, the cut-off trench was 
excavated to a depth of 30 ft. through material which 
varied from an indurated, though sometimes soft, cla 
to sandstone, which, in places, was broken into small 
fragments, and in others formed massive blocks and with 
frequent fissures and joint planes from } in. to nothing 
in width. A cross-section of the trench and concrete 
and clay filling is shown in Fig. 2. Vertical pipes, resting 
on the bottom of the trench, were built into the concrete 
at 3-ft. centres in two rows, about 2 ft. apart, and —_ 
gered so that there was a pipe every 18 in. Throug’! 
these pipes 24-in. holes were drilled. It was decided that 
the minimum depth of these holes should be 30 ft., and 


* Paper read before the Institution of Water Engineers, 








present time receiving a great deal of attention by 


in some the depth drilled was 70 ft. Indication of the 
massiveness or otherwise of the rock was obtained from 
the cores, and on reaching and penetrating a short 
distance into a sound bed drilling stopped, and the rate 
of leakage of water under a head equivalent to the full 
reservoir (125 ft. of water) was determined and recorded 
for each hole ; the pressure was kept on for 10 minutes. 
The rate of leakage varied considerably from hole to 
hole. 

The greater part of the grouting was done with a 
volumetric mixture of 1 part of cement to 7 or 8 parts of 
warm water—warm water being used to accelerate the 
setting of the grout—if, owing to the occurrence of a large 
seam or fissure, the grout was found to get away too 
quickly the mixture was made richer, and in a few 
instances fine sand was added. The pressure used in 
grouting was increased from 25 lb. per square inch as the 
operation progressed to a maximum of 100 lb. per square 
inch. In some of the tighter holes the extreme pressure 
had to be kept on for at least an hour to drive the grout 
home, but usually a few minutes sufficed. Drilling was 
not carried out at every pipe, but starting at a con- 
venient low point alternate (or primary) holes in the up- 
stream row were drilled, tested and grouted. The 
intermediate (or secondary) holes in the same row were 
then drilled, tested and grouted, and only in very few 
cases was it found necessary to deal with any of the 
holes in the downstream row. 

Owing to the great variation in the character of the 
ground this particular work is very interesting. Fig. 3 
shows how the leakage has heen reduced by the primary 
holes, and it is evident that the leakage which would 
have been observed had the holes in the downstream 
row been drilled and tested could only have been so 
slight as to be negligible ; it seems clear that in a more 
usual and favourable situation holes at greater intervals 
than 3 ft. should yield quite satisfactory results. 

Another United States reclamation dam, this time of 
masonry with a maximum height of 200 ft. above stream 
bed, has a grouted cut-off. In this, the Elephant Butte 
dam, the cut-off trench is of no great depth, but 4-in. iron 
pipes were set vertically at 10-ft. centres along the centre 
line of the cut-off trench and carried up about 20 ft. ; 
above this the holes were formed with collapsible metal 
forms 6 in. in diameter; through these holes 2}-in. 
drills were operated to sink grouting holes 45 ft. into the 
underlying sandstone rock. About 10 ft. downstream 
of the line of grouting holes a series of drainage wells 
was formed at 8-ft. centres by collapsible forms and 
carried up to an inspection gallery, which also serves as a 
drainage gallery with an outlet culvert discharging 
above river level on the downstream face of the dam. 
From the roof of the inspection gallery these wells were 
carried up to the top of the dam and sealed with a con- 
crete plug. This row of drainage wells was continued 
45 ft. into the foundation rock by 6-in. drills, and pro- 
vision was made for grouting any of these which should 
show excessive discharge. Another row of drainage wells 
was formed 5 ft. downstream of the first and staggered 
with reference to them, but these were continued, by 
drilling, only 5 ft. into the rock; they also discharged 
into the inspection gallery and continued up to the top 
of the dam. Fig. 4 shows the arrangement of weils 
and grout holes. 

Seepage loss measurements under gravity and pressure 
heads were made for each hole after washing out and 
again after grouting. The loss before grouting varied 
from 0-1 gallon to 150 gallons an hour under gravity 
and from 3 gallons to 192 gallons under 100 Ib. per square 
inch. After grouting, an average of 0-015 gallon per 
hour per hole under gravity and 1-5 gallons per hour 
under 100 Ib. pressure was obtained. If the loss at 
100 lb. pressure after grouting exceeded 3 gallons per 
hour, the hole was redrilled and grouted again. The 
grout varied with the character of the hole, 1 to 7, 
2 to 7, and 3 to 7 mixture being used. Sand cement, 
which was used in the concrete of the dam, was used 
where possible, as it apparently set as well as Portland 
cement, mixed and handled better in the machine, and 
was less liable to collect and choke either in the machine 
or in the hole before the fissures were all filled. 

It was anticipated that there might be leakage into 
and through some of the deep drainage wells. Any well 
found to be discharging as the reservoir filled was plugged 
with a wooden stopper through which a 1}-in. pipe was 
carried, placed 6 in. below the floor of the gallery, and 
covered with cement mortar so that the discharge could 
be readily measured. Where the flow from a well was 
found to be excessive the well was grouted and the 
discharge again measured ; if it was still high the hole 
was redrilled and grouted again. As an example, one 
well discharged 85 gallons a minute, and although the 
flow was quite clear, it was decided to grout. The hole 
was redrilled to its original depth, and the discharge 
fell to 13 gallons per minute ; the procedure was repeated 
a few weeks later, when the flow was reduced to 1-35 
gallons, and in six months this naturally fell to 0-64 
gallon. By grouting the few wells which called for 
attention the total quantity discharged into the drainage 
culvert from the foundation and the abutments was 
reduced from 120 gallons per minute to 58 gallons, which 
is a very small quantity for a dam 1,200 ft. in length and 
with 125 ft. of water in the reservoir. 

An example or two from the Catskill Scheme for the 
water supply of New York will suffice to show that with 
careful supervision grouting may be used with confidence 
to secure a watertight foundation. In this scheme grout 
was used extensively, not only in dam foundations, but 
also for deep shafts and in pressure tunnels, and it 
is probably true to say that as far as the tunnels were 
concerned, it was only by using grout that the work in 
many was carried to a successful issue. : 

The Olive Bridge dam, the masonry portion of which 
has a maximum height of 210 ft. above stream bed, is 
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about 1,200 ft. long. The bluestone layers below the 
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stream were excavated to sound rockgto about 25 ft. 
maximum depth, and the cut-off trench extended a 
further 15 ft. Below the top of the bluestone alternating 
layers of slate, shale and bluestone were found in beds 
varying in thickness from 1 ft. to 15 ft. Before the 
excavation for the dam was started diamond drill holes 
were made 40 ft. to 100 ft. deep, and hydrostatic tests 
of these revealed two definite planes of leakage at depths 
of 40 ft. and 60 ft. below stream bed. One row of holes 
at 5-ft. centres was drilled for sealing off the lower seam, 
and for the upper seam seven rows were drilled, giving 
holes 5 ft. apart every way. Into each hole a 3-ft. length 
of 2-in. wrought-iron pipe was driven ; the lower end of 
the pipe was chipped with a chisel and served with jute, 
which formed a tight joint with the rock, and the pipe 
was sealed to the rock with cement grout or by caulking 
with neat cement. The pipes were added to as the 
concrete masonry rose by screwing on convenient lengths, 
until the rock had a sufficient weight of masonry-—10 ft. 
or more—to prevent uplift during grouting. The 
quantity of grout per hole varied from 9 cub. ft. to 
100 cub. ft., and only about 10 per cent. took any appre- 
ciable quantity. The maximum distance through which 
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paratively solid, though not necessarily watertight 
material. In the flanks AC and BD the concrete is 
reduced to 5 ft. thick. Seepage under the concrete and 
round the ends of the embankment is prevented by 
drilling and grouting to the limits of the trench as actually 
executed. Three-inch wrought-iron pipes are set in the 
concrete at 3-ft. centres longitudinally on the upstream 
side of the trench between E and F, with a second row 
at 6-ft. centres and staggered with respect to the first 
row. These spacings are increased to 4 ft. and 8 ft. 
between GE and FH, and to 6 ft. and 12 ft. outside 
Gand H. Outside CD the holes will be lined for about 
20 ft. from the surface. It is essential to cap or plug 
the pipes to prevent rock fragments, tools, or other 
obstructions likely to cause trouble with the drills, from 
getting into the pipes. It may, perhaps, be mentioned 
that in estimating it has been assumed that 50 per cent. 
of the downstream holes will require drilling and grovut- 
ing. A typical cross-section of the trench is shown in 
Fig. 5. 

As soon as the concrete filling has been brought up to 
the construction joint over a length of 200 ft. or 300 ft., 
a start may be made with the drilling of the grout holes. 
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grout was forced, making its appearance in other pipes, 
was 70 ft. 

As an experiment, grout was forced, under a pressure 
of 25 lb. per square inch, into a hole drilled 15 ft. back 
from "the edge of the cut-off trench, and appeared on the 
face of the trench at a horizontal seam about 6 in. below 
the top. Several months later the rock covering was 
barred and wedged off, and the seam appeared to be well 
filled with cement which was set hard. From another 
experimental hole it was found that seams within a 
radius of 4 ft. were well filled with grout and partly 
filled for another 2 ft. 

Two completed earthen embankments or dykes, with 
concrete core walls, closing gaps between the hills round 
the Ashokan Reservoir, were found to be leaking below 
the core wall; the seepage in one was reduced 75 per 
cent., and in the other by 90 per cent., by drilling and 
grouting through the core wall] and well into the founda- 
tion rock in the former case, and in the latter case by 
holes sunk upstream of the core wall into solid rock. 
The foundation of the Kensico Dam was rendered tight 
by grouting the fissures, faults and bedding planes of 
the crystalline limestone, schist and gneiss on which 
it was built. 

The experiences in connection with the foregoing 
make it possible to give in some detail the procedure 
for handling a potest cut-off. 

Referring to the longitudinal section of the cut-off 
trench in Fig. 1, the trench between the points AB is 
taken out 6 ft. wide to a general depth of 30 ft.—this 
depth will, of course, vary somewhat, but the intention 
is that drift or other superficial deposits shall be cut 
through, and the trench carried a few feet into com- 


Fig-51, Y Uy, 
pie 9 i /\ 





| 





APPARATUS FOR FOUNDATION INVESTIGATIONS 
*. HARTFORD WATER WORKS 


nner fae bar 


fas! ng baton | ower Votre 
> 


Pressere \ 
» me 


2 


we vec hom bar 
tostag between bore 





Initially, only alternate holes in the upstream row are 
drilled and grouted. All the holes are put down with 
a 2%-in. bit yielding a 1}-in. core. Fig. 7 shows the 
Calyx core barrel as used by the United States Reclama- 
tion Service. The feed water is supplied through a 
swivel and the hollow drill rods. The bit is of hardened 
tool steel, and consists of a toothed collar having a long 
barrel and teeth, the teeth being set to provide clearance 
to the core and to the bit and rod. Above the core 
barrel a cylindrical chamber or calyx, open at the top, 
encircles the drill rods. In it coarser rock fragments 
torn off by the bit are caught as dropped by the upward 
water current when the velocity decreases. These 
fragments are removed when the rods are hoisted, and 
furnish a second record in inverted order of the material 
excavated, and are of especial value in material too 
soft to yield a core. The toothed bit is operated in soft 
material, such as clay and some shales, whilst for rock 
the chilled shot equipment is used. If cores are not 
required, what is known in America as a well drill may 
be used, and the cost of drilling holes with this is said to 
be 35 per cent. to 50 per cent. of that of the shot bit. 
Inclined borings have been used to grout up leaky flanks, 
and for these diamond drills are required. The rate of 
drilling may be as high as 20 ft. in an 8-hour shift in soft 
material, whilst the average in rock may be 6 ft. to 10 ft. 

As the drilling proceeds some idea of the tightness or 
openness of the rock formation may be had from the 
action of the wash-water at the drills. If the water comes 
freely to the surface, the openings, if any, are probably 
small. If, on the other hand, the wash-water fails to 
return to the surface, the presence of an open seam or 
porous stratum is inferred. Some relative and very 








rough information as to the size of such seams can be 
obtained by finding the maximum rate of loss of water at 
different depths of hole as the drilling proceeds. If it is 
necessary to get more accurate information foot by foot, 
after the drilling has been completed, the apparatus 
shown in Fig. 6, which requires no explanation, may be 
employed. However, for the present case, it is assumed 
that the general ideas obtained during drilling are 
sufficient. 

The drilling is stopped when the cores indicate that 
sound material has been reached, and, except where the 
strata is varying considerably, cores are only retained 
for reference from every third or fourth of the alternate 
holes of the upstream row. As the drilling of each hole 
is completed the hole is washed out by lowering a small 
pipe supplied with pressure water to the bottom, and 
afterwards the rate of leakage is determined with a 
pressure equivalent to, or perhaps a little in excess of, 
that of the full reservoir and kept on for a few minutes 
to make sure that the leakage is not increasing. For 
drilling, 5-h.p. motor-driven units are obtainable, and if 
electric current is available on the works, these appear to 
be economical, but drills of the size proposed may be 
operated by compressed air, steam, gas, or even, at much 
greater expense, by hand. 

After the hole is empty of water (in tight holes the water 
is expelled by compressed air) grouting begins with a 
mixture of 1 volume of cement to 7 volumes of water 
placed under a gravity head until the flow falls off to 
1 gallon a minute when the air pressure is increased by 
steps until the maximum available—this should not be 
less than 90 Ib. or 100 lb. per square inch—is attained, 
The average hole will take the grout in a practically 
continuous flow, and as fast as the alternating process 
with two grouting machines can be performed, The type 
of machine used in the Catskill Scheme is shown in Fig. 8, 

The desired quantity of water is first put intc the tank 
through an improvised goose-neck nozzle connected by 
hose to the water line and hooked over the top of the 
tank. The cement is added, and air, admitted under 
the water, agitates the mixture. The door at the top 
of the tank is closed upward against its gasket, and held 
there by the increasing air pressure while the mixing 
process is quickly completed. In the meantime the 
mixture in the opposite tank is being discharged under 
any pressure required as indicated by gauge. With the 
disappearance of grout from the tell-tale of the machine, 
the valves are closed, the air pressure is released from the 
empty tank, the door falls by gravity, and the tank is 
filled up again. Thus the process goes on until the hole is 
grouted to refusal at 100 lb. per square inch, If the 
grout disappears too easily the mixture is made richer. 
Joints and fissures in sandstone being clean cut and well- 
defined, are, as a rule, easily grouted, whilst shales take 
but little grout as the seams and fissures are difficult to 
keep open until grouted. A careful record is kept of the 
quantity of cement used and of the consistency of the 
grout for each hole. In working up the flanks a close 
watch is kept on the ground outside the limits of the 
already deposited embanking for signs of grout being 
forced out of the hillside. If such grout does appear, 
the grouting is suspended in that locality for a week or 
two; the grouting of the holes is resumed after the grout 
already in the seams has had time to set, and it may be 
necessary to redrill some of these holes. As the grouting 
is completed the pipes are capped. Two men can handle 
the grouting unless the hole takes grout very easily or the 
cement is not readily accessible, and they can complete 
the whole operation in an 8-hour shift, 

The intermediate holes in the downstream row are now 
dealt with on precisely the same lines ; in these, of course, 
the initial leakage tests should show a very substantial 
reduction over those of the holes previously grouted on 
either side. It is possible, however, that vertical 
fissures crossing the grout barrier at right angles might 
cause an abnormal leakage in a few of these secondary 
holes, in which case the holes in the second row in imme- 
diate proximity may be drilled, tested and grouted. 
Finally, all pipes through which it has not been necessary 
to grout are filled with thick grout or cement mortar 
and capped, and when a group of pipes have been capped 
the concrete above the construction joint, indicated by 
a dotted line in Fig. 5, can be completed. 

Grout may be used to secure a watertight cut-off in all 
materials except running sand; it has been used to 
solidify the sand through which one tunnel has been 
driven, but the experience there would hardly lead one to 
suggest grouting as the means of dealing with the sand in 
trenches. In most stratified material the quantity of 
cement required in grouting is not excessive; in gravels 
a considerable amount may be necessary, but even then 
it may be cheaper to grout than to deal with the large 
inflow of water which is so frequently found in gravel. 

In much-fissured and jointed rock, such as may occur 
in some sandstones, grouting might be satisfactory, but 
a considerable quantity would be required, and it might 
be necessary to use a richer mixture with the addition 
of fine sand. It is very doubtful, however, whether, after 
such a structure was revealed by trial pits or borings, the 
site would be considered at all suitable for a dam. 

Clay Puddle Core Walis.—-It sometimes happens that 
the character of a dam site precludes the use of a masonry 
structure, and calls for an earthen embankment, though 
there may be no suitable clay near at hand for the 

uddle wall. This means either that clay must be 

rought from a distance, and consequently the puddle 
wall becomes very costly, or some other material must be 
used for the core wall either alone or with a much siaaller 
thickness of clay. Clay puddle is capable of adapting 
itself to any settlement which may take place in the bank, 
and also to any possible movement of the bank in an 
upstream or downstream direction under the influence 
of a changing reservoir level and consequent height of 
saturation in the upstream half of the:bank. 

No attempt has been made to formulate a method of 
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calculating the thickness of a puddle core, nor does it 
seem possible to do so. Experience or precedent has 
been the guide, and this is expressed by a simple state- 
ment of the top width and the batter of the faces, usually 
with a reservation as to the ratio of the thickness at the 
base to the greatest height of the wall. 

It has been laid down by some authorities that the 
above ratio shall not be less than 0-33; the top width 
has varied from 6 ft. to 10 ft. and the batter from | in 8 
to lin 15. The height of the dam and the character of 
the clay and of the embanking material must obviously 
influence the choice of the dimensions to be adopted. 
With good quality clay and with selected material of a 
retentive character available for use on either side of the 
puddle core, the dimensions of the latter may be 6 ft. 
wide at the top with 1 in 12 batters on either face down 
to ground level, and it may rest upon some type of shoe 
formed in the concrete of the cut-off trench, which is 
widened to possibly 12 ft. near the top, or, as in Fig. 5, 
the puddle may be made to envelop a knife-edge formed 
in the concrete. With these dimensions a wall 120 ft. 
high will be 26 ft. thick at its base or 0-22 of its height. 
To obtain a ratio of 0-33 the top width would have to be 
10 ft. and the batters 1 in 8 for the 120-ft. wall. 

As an average case it may be assumed that a top width 
of 8 ft. and 1 in 10 batters will give a suitable core. 
This is shown in the cross-section of Fig. 9, and an esti- 
mate has been made of the cost of the core wall as applied 
to the dam of Fig. 9. This amounts to 43,500/., but if the 
clay is not at hand on the site, extra handling and the cost 
of transport might well add 10,0002. to this amount. 

Plain Concrete Core Walls.—Plain concrete walls have 
been used extensively in America in both embankments 
made as they are usually made in this country, and also 
in those formed by the hydraulic fill process. In the 
early days of core walls they were built of rubble masonry, 
set frequently in natural cement, e.g., in the Boston 
Embankments, and it is not surprising that, in many 
instances, so small a resistance to percolation was found 
by means of trial borings in the embankment. 

Mr. Wegmann designed the rubble masonry core wall 
for an earth bank constructed as part of the New Croton 
Dam retaining 96 ft. of water, with a top width of 6 ft., 
increasing to 15 ft. at ground level, 100 ft. below, and 
to 18 ft. at 136 ft. below, thereafter remaining 18 ft. to 
the bottom of the cut-off trench. 

In the Catskill works the core walls were of Portland 
cement concrete, 4 ft. wide at the top and battered 
1 in 20 on each side. At a depth of 120 ft. the thickness 
would be 16 ft., though these walls were not nearly that 
height. They were built in courses 6 ft. high and 75 ft. 
to 150 ft. long, corresponding to the amount of concrete 
which could be placed by a “ Blondin,”’ or from trucks 
running on the completed portion, in an 8-hours’ day. 
The cantilever form used in building these walls is shown 
in Fig. 10. It consisted simply of pairs of verticals 
14 ft. by 8 in. by 3 in., spaced 1 in. apart, the pairs 
being at 4-ft. centres. On the top 64-ft. horizontal 
lagging, 6 in. by 1} in., was nailed. The verticals were 
held in position by bolts embedded in the concrete and 
by wires Spanish-windlassed up to give the required 
width of wall. In each 6-ft. lift a pair of bolts was 
concreted, after which the form was moved upwards, 
the bolts fitting in the slot or space between the 8-in. 
by 3-in. uprights. The form was lined up by wedging 
the projecting ends of the verticals off the completed 
concrete, and by adjusting the twisted wire ties. The 
embankments were made by spreading and rolling to 
4-in. layers on the water side of the bank and to 6-in. 
layers on the other side, the layers being slightly inclined 
towards the core wall. 

A recent and authoritative handbook states that the 
top width of a concrete core wall should be 1} ft. to 3 ft., 
according to the importance of the dam, and that each 
face should batter 1 in 10 to lL in 20. The thickness at 
the level below which the trench is filled solid with 
concrete should be one-eighth to one-sixth the maximum 
depth of water. The thickness must, however, continue 
to increase until a sound, though not necessarily water- 
tight, foundation is reached. For the purpose of com- 
parison with the puddle wall it is assumed that the top 
width is 3 ft. and the batter 1 in 18 on both faces. This 
will give a thickness at 120 ft. depth of 16 ft. 4 in., or 
about 0-14 of the height. It has been assumed, however, 
that as an average over tue length a firm foundation will 
be reached at 20 ft. depth, and for a total height of 140 ft. 
the bottom width will be 18 ft. 7 in. ; below this point the 
thickness is reduced to 6 ft. by 30 deg. slopes, as shown 
in Fig. 11. The cost of the concrete core wall, taken to 
the same limits as the puddle core wall, works out at 
60,0002, as against 43,500/. or 53,500/. for the clay core. 

There are so many indeterminate factors which enter 
into the stability of a core wall that the question hardly 
lends itself to analysis. The only attempt known to the 
author is that given in Engineering News Record, April 3, 
1909, page 451, for the core wall of a hydraulic fill dam. 
This evidently formed the bas's of the analysis given by 
Morley Parker for an embankment formed by tipping 
and rolling or punning, who took as the weight of dry 
praned dnbanking 130 Ib. per cubic foot, which seems 
1igh, but this figure appears to be the result of actual 
tests, and, for the saturated material on the water face, 
160 lb. per cubic foot, which suggests that there are 
50 -per cent. of voids in the material, and this certainly 
can hardly be the case. However, accepting these weights, 
the idea that the weight of the respective triangles of 
material above ab and cd (Fig. 9) is the measure of 
the pressure tending to shear the wall is difficult to follow. 
At least, one would have expected these weights to be 
0 - ® or tan %—? for the down 
stream and upstream sides respectively. It is clear 
that it is considered to be the severest loading on the wall 
when the reservoir has saturated the upper half of the 
bank, and if the lines ab and cd do sont represent the 





multiplied by tan 


angles of repose, then the planes of rupture will bisect 
the angles between ab and cd and the vertical. On 
these lines we should find the difference in the thrusts to be 
H%160 x % tan 35 deg. — 130 xX § tan 224 deg.) or 
33 H as against 76 H2 given by Morley Parker. His 
method, however, is a rough-and-ready guide, which 
appears to give results approximately in agreement with 
practice. In the case of the core wall taken in this paper, 
the shear stress, by the 76 H2 rule, is about 420 Ib. 
per square inch, or about 0-4 of the ultimate strength, 
and considerably less by the analysis above, which 
certainly takes more onerous conditions into account 
than are likely to occur in an actual case. 

Many hesitate to use a plain concrete core wall because 
of the fear that a settlement following the saturation 
of the upstream half of the embankment may cause a 
slight move downstream, and lead to cracks. It is 
doubtful if, with a bank constructed properly, any 
movement of the core would take place, and if it did the 
cracks would only be small and likely to close soon by 
hydration of the new concrete surfaces exposed to the 
water and by fine sediment carried in the crack. Con- 
traction cracks may be obviated by vertical copper 
strip expansion joints, 
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Reinforced Concrete Core Walls.—The type of con- 
struction which seems best to overcome most objections 
is a concrete wall of such thickness as to limit the initial 
percolation of water to a very small quantity and flexible 
enough to yield to any variation of loading, and so 
reinforced as to limit any cracks which may occur to 
the “ hair’ variety. To obtain relative impermeability, 
a rich mixture and a graded gravel aggregate running 
from material to pass }-in. mesh to 2}-in. ring is best. 
The rate of percolation through a given thickness in- 
creases nearly uniformly as the pressure increases, and 
for the same pressure the falling-off in flow as the thick- 
ness increases is probably much more rapid than the 
increase in thickness. 

Mr. Baldwin Wiseman has shown how, with a 6-in. 
slab of concrete subjected to water pressure varying 
from 30 lb. to 60 Ib. per square inch, the flow fell from 
0-000398 gallon per square foot per hour per pound 
a square inch pressure to 0-0000028 gallon per square 

oot per hour in 46 days, for 4:1 crushed gravel ballast 
concrete nine weeks old at the start of his experiments. 

If, therefore, a reinforced concrete core wall 2 ft. 
thick at the top, increasing to 6 ft. thick at the ground at 
the deepest section—120 ft.—is adopted, the average 
head of water would be 80 ft. = say, 35 Ib. per square 
inch. To take a low estimate, assume that the flow is 












Fig.10. o&TAuS OF CONSTRUCTION OF CANTILEVER FORM FOR CORE WALL 








only reduced directly as the thickness is increased, then 
0-5 
4°67 — 
0-015 gallon per square foot per hour. To allow for the 
difference between laboratory conditions and those 
obtaining on works, take this rate to be 0-040 gallon; 
if, then, the reservoir could be filled in a few days instead 
of six months, the probable flow through the diaphragm 
would be 0-04 x 1,100 x 80 = 3,500 gallons an hour ; 
but nothing like this should occur since within a month 
the falling-off in flow is about 98 per cent., and probably 
50 gallons to 80 gallons would be the actual result, 
and if no other influence came into play this might be 
expected eventually to become still less. 

The amount of reinforcement required is rather specu- 
lative. For the purpose of an estimate the following 
arrangement has been adopted: All rods are } in. 
diameter, ferro-concrete quality, and joints are made 
by overlapping 24 in. and binding the rods together. 
Assuming ground level on valley bottom (Fig. 1) to have 
a level + 0, the vertical rods between — 25 and + 10 
will be 12 in. apart longitudinally ; from + 10 to + 60 
every 24in., and above + 60 every 48 in. ; the horizontal 
rods up to + 20 will be 12 in. apart vertically, then 


we should expect an initial flow of 35 x 0-0004 x 
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every 18 in. from + 20 to + 50, every 24 in. from 
+ 50 to + 80, and every 30 in. above + 80. There 
will be two systems as above—each being 4 in. to 6 in. 
from the face of the wall. 

In forming the downstream half of the bank a rubble 
drain will be first laid up the flanks of the valley from 
the quarry spoil on the valley bottom by which this part 
of the bank is kept dry, and as the embankment is raised 
all stony material is placed against the core wall to act 
as a drain for possible percolation. 

The estimated pre-war cost of this type of core wall 
amounts to 38,500/., as against 43,500/. or 53,500/. for 
the puddle core, and 60,0001. for the plain concrete wall. 
In some cases a thin clay puddle wall has been formed 
upstream and in contact with the reinforced concrete 
wall. In the event of any crack developing in the 
concrete it is thought that such a clay blanket—2 ft. 
to 3 ft. thick—will serve to keep leakage of water, From 
the constructional point of view such a combination does 
nor appear desirable, and with such reinforcement as has 
been given, any cracks which formed could only be 
‘hair’? cracks, and very soon natural hydration of the 
freshly exposed concrete should fill these up. Reinforced 
concrete core walls such as has been adopted in this 
case are not novel. 

In the Cowlyd Waterworks a reinforced concrete core 
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wall is used—as far as the author is aware—for the first 
time in this country. This wall is 4 ft. 6 in. thick at the 
bottom of the cut-off trench, increasing to 6 ft. 6 in. at 
solid ground level; from this level the thickness de- 
creases from 5 ft. 6 in. to 2 ft. 6 in. at top water level ; 
it is reinforced with }-in. diameter rods 2 ft. apart 
vertically and 4 ft. apart horizontally from 6 ft. below 
ground level to 6 ft. from the top of the wall, on both 
faces, with 4-in. cover and stirrup bars at 4 ft. each way. 
The maximum height of the wall above ground is 52 ft. 

In the Dixville Dam the core wall is 36 in. thick at the 
deepest section, reducing to 10 in. at the top and rein- 
forced with horizontal corrugated rods varying from 1 in. 
to 4 in. in diameter in a height of 70 ft. On the up- 
stream side of the concrete wall is a clay gravel puddle 
wall 20 ft. thick at the base and 8 ft. at the top. 

The core wall of the Morris Dam could hardly be 
considered as of reinforced concrete, but its maximum 
dimensions are 2 ft. 5 in. thick at the top, increasing to 
12 ft. at 92 ft. below, with one l-in. square twisted rod 
8 ft. long for each square foot of head area at each 
vertical construction joint. | 

The core wall of the hydraulic fill Triton Dam, now 
under construction, of the United States Reclamation 
Service is a concrete diaphragm tied well into bedrock 
on the base and sides of the canyon. Below the ground 
surface it is 5 ft. thick with no reinforcement. Above 
ground it is heavily reinforced (no details of reinforcement 
are available), and tapers from 5 ft. to 1 ft. in a maximum 
height of 230 ft., the maximum depth of the cut-off 
trench being an additional 100 ft. more or less. No 
expansion joints are provided. 


TORSIONAL OSCILLATIONS IN PROPELLER 
SHAFTS. 
Notes on Torsional Oscillations with Special Reference to 
Marine Reduction Gearing.* 


T. Txorne, B.Sc., Associate Member, 

J. CaLpERWOOD, M.Sc., Graduate. 

THE importance of torsional vibrations has recently 
been emphasised by the fact that trouble experienced 
in connection with reduction gearing on board ship has, 
in one or two cases, been attributed to the existence 
of torsional vibrations in the system, and the result has 
been that in some quarters the possible effects of such 
vibrations have been exaggerated. The authors have 
been engaged on an investigation of the problem during 
the past two years which has been directed towards 
obtaining confirmation or otherwise by direct observation 
of the natural frequencies calculated and determining 
if possible the magnitude and character of the vibrations 
actually experienced ; and while the results obtained are 
as yet comparatively meagre it is hoped they are already 
of sufficient interest to justify the authors in placing 
them before the Institution. 

The problem has been considered entirely from the 
point of view of marine installations involving reduction 
gearing, and all calculations, &c., have been confined to 
that particular case of the general problem. 

Any elastic system will, in general, have a fundamental 
vibration involving only one node, and higher frequencies, 
involving a multiplicity of nodes, will occur up to an 
unlimited number. Ample published information is 
available on the general theory of oscillations, but little 
of it is in a form that is readily applicable to the calcu- 
lation of the natural frequencies of vibration of a com- 
plex elastic system. Eventually the authors found that 
the easiest method of solution of the problem was based 
on the following fundamental equation :— 








By A. and 


I = the moment of inertia of a mass about the centre 
of the shaft to which it is attached. 
K = 27 x frequency of vibration. 


Then the maximum torque acting on the mass when 
it is given a vibration of two radians ampli- 
tude = K2I. 

= torsional rigidity of the shaft. 


KT, 


C 
Then angle of twist in the shaft = 


By the progressive application of the above equation 
to consecutive sections of a system containing a number 
of masses connected by flexible shafts it is comparatively 
simple to obtain a formula that will give the natural 
period of vibration of the system asa whole. The method 
of procedure is given in some detail in the appendix,t 
and a formula so derived is given in a form which covers 
most of the usual arrangements of marine reduction 
gearing. 

If, in the application of this method, the mass of the 
shafts is neglected, the formula obtained is of a similar 
form to that given by Dr. Smith in the paper which he 
read before the Institution of Naval Architects last 
March ; such a formula gives the single node frequency 
accurately and, if very flexible shafts are used to connect 
turbine and gears, will give approximate values to some 
of the higher frequencies ; but the solution is incomplete. 
Any elastic system consisting of a number of masses, each 
concentrated at a point connected by massless but elastic 
shafts, has a finite number of critical frequencies. This is 
not the case with a system such as we are considering, in 
which the mass of the shafts cannot be neglected. It is 
owing to this error that Dr. Smith arrives at the conclusion 
that he has limited the critical frequencies in the modified 
Melmore Head arrangement to two. Actually even the 
modified system has an infinite number of critical speeds. 
In general it may be said that for all frequencies which are 
likely to be of practical importance it is sufficient to 
take into consideration the moment of inertia of the 





° Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, November 17, 1922. 
t Appendix is omitted owing to want of space. 











mass of the propeller shaft. In very exceptional cases 
only the mass of the intermediate and high-speed shafts 
need be considered, as, unless these are 30 ft. or more 
in length, their mass does not materially affect the 
frequency of any of the types of vibration which are likely 
to coincide with forced vibrations in the turbine, gearing 
or propeller. 

There has been some criticism of the assumption that 
a system including gearing may be regarded as an un- 
broken elastic system. That it is a broken system 
when at rest is obvious, but when transmitting a torque 
sufficient to ensure that the gear teeth are continuously 
in contact such tooth contact is undoubtedly equivalent 
to a rigid connection. 

A graphical method of solution of vibration problems 
has recently been evolved by Herr Gumbel, and was 
described by him in Zeitschrift des Vereines Deutscher 
Ingenieure No. II, 1922. By his method the actual 
amplitude at any vibration frequency is obtained without 
previous calculation of the critical speed, and by it the 
effect of damping forces can easily be considered. It is 
not, however, more simple than direct calculation of the 
natural frequency in the case of a marine turbine installa- 
tion, and is intended by the author to be applied chiefly 
to the effects of the introduction of damping devices into 
a system which has experienced trouble from torsional 
vibration. 

If an elastic system is subject to the action of any 
periodic disturbing force, forced vibrations will be set 
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up of a frequency equal to the frequency of the disturbing 
force. In the system we are considering such disturbing 
forces may be due to external causes, of which the most 
prominent is the variation in propeller resistance, or may 
be due to what may be called “ internal causes”’ such as 
slight lack of balance in any of the rotating masses of the 
system. When a forced vibration is impressed on the 
system the character of the vibration set up will depend 
upon the point in the system at which the disturbing 
force is applied. Nodes will occur in positions such that 
the natural frequencies of the free ends of the system 
about these nodes (each free end being regarded as a fixed 
free system fixed at the node) are equal to the frequency 
of the impressed forced vibration. If the disturbing 
force is due to either of the causes mentioned above, 
this frequency will be directly proportional to the 
revolutions per minute of the propeller shaft, and conse- 
quently as the revolutions per minute rise the frequency 
of the forced vibration will increase. As this frequency 
increases the nodes will move outwards towards the free 
ends of the system and additional intermediate nodes 
will occur. 

The whole problem is rendered more clear if the manner 
in which the system vibrates can be actually visualised. 

In the diagram Fig. 1, two systems are shown: A, 
which is the subject of a forced vibration due to the 
uneven resisting moment of the propeller, and B, which 
is subject to a forced vibration due to lack of balance or 
periodic inequalities of the teeth in the gearing. Nodes 
are indicated at 6,d and f. In A the lengths L; and Le 
are such that the natural frequency of the masses Mj 
and Mp2 and the shafts a b cd about 6 and d are equal to 


the frequency of the forced vibration. In B the lengths 
Lj, Le, Lz are similarly determined. ww 

The amplitude of the forced vibration produced by any 
disturbing force in a given system depends primarily on 
the magnitude of the disturbing force and the ratio which 
the frequency of this disturbing force bears to the natural 
frequencies of the system. As the frequency of the 
disturbing force approaches a natural frequency of the 
system the phenomenon of resonance occurs, resulting 
in an increase of the’ amplitude of the vibration. When 
the two frequencies coincide the amplitude of vibration 
would become infinite but for the damping influences 
operating, such as the internal friction of the shaft, &c. 
The damping force varies with the amplitude so that 
instead of an infinite vibration at the resonance point 
we only get an amplitude such that the applied force is 
balanced by the damping forces. The theoretical curve 
aaaa of undamped amplitude is shown in Fig. 2, and 
also a damped curve aba. The actual and theoretical 
curves are almost coincident, except from about 0-8 
to 1-2 of the critical frequency, for all values of the 
damping factor likely to be experienced, and outside 
that range the resonance factor may be taken from the 
theoretical curve without introducing serious error. 
It is of obvious advantage to be able to determine a 
resonance factor without knowledge of the damping 
term. The multiplying factor due to resonance is of the 
utmost importance. For instance, if the disturbing 
torque is + 10 per cent. of the mean torque in a propeller 
shaft, a multiplying factor of 10 will produce a zero 
torque and any further increase will mean a negative 
torque. This would produce tooth separation at each 
vibration and the range of revolutions over which this 
happened would become what has been called “an 
unworkable range” as it is obvious that a system 
including gearing could not run satisfactorily for any 
period under such conditions. It is obviously of great 
importance to determine the resonance factor at the 
critical speed, this enabling the actual resonance curve 
to be obtained, which, combined with a knowledge of the 
magnitude of the disturbing torque, enables the un- 
workable ranges, if any, to be determined. 

In a system including gearing it is necessary that 
consideration be given to the positions of nodes, as a 
dangerous condition may occur if the node falls in either 
train of gears. This would imply a uniform angular 
velocity of these gears, and any slight periodic irregu- 
larity in the teeth (whose frequency corresponded to the 
frequency at which the node fell in the gears) would 
produce a very heavy stress. These stresses become 
much greater if the system is so arranged that one of the 
nodes occurs in a gear wheel at a natural vibration 
frequency. The actual stresses involved can be clearly 
seen from examination of the expression for the equiva- 
lent inertia at the gears given in the appendix to 
the paper. 

Opportunities have now occurred for making actual 
observations on five single-screw vessels and three twin- 
screw vessels, all fitted with geared turbine installations. 
Various difficulties were encountered in our attempts 
on the earlier vessels, and it was only after the adoption 
of precautions described later that reliable and consistent 
results were obtained ; consequently, details are given 
only of two twin-screw and two single-screw vessels. 
The results of the earlier vessels, where intelligible, lead 
generally to the same conclusions. In all these cases 
an endeavour has been made to obtain by direct reading 
the variation in torque with different positions of the 
propeller blade. The first step taken was the adoption 
of Messrs. Parsons’ proposal to mount the torsionmeters 
(which were of the Hopkinson-Thring type) on a support 
enabling them to be moved circumferentially round the 
shaft, the amount of movement being sufficient to obtain 
readings in all positions of a propeller blade, even with a 
three-bladed propeller. Owing to the construction of 
the torsionmeter two sets of readings are obtained by 
this method, the interval between the two being approxi- 
mately 150 deg. Difficulty was naturally experienced 
owing to the fact that even in fair weather and on a 
straight course propeller revolutions are continually 
varying, if only by half a revolution. 

When endeavouring to obtain a curve of the torque 
variation with different positions of the propeller blades 
it is obvious that even this small variation in revolutions 
might completely alter the character of the curve 
obtained, bearing in mind that the torque varies as the 
revolutions squared. Finally a magnetically-controlled 
three-pen chronograph was utilised, the movement of one 
pen being controlled by a clock, to the escapement of 
which a small extension was fitted dipping into a mercury 
bath and making contact every second, giving an accurate 
time record. The circuits of the electro magnets con- 
trolling the other two pens of the chronograph were 
connected to terminals making contact with every 
revolution of the shaft; an accurate record of shaft 
revolutions alongside the time record was thus obtained. 
This instrument was used chiefly in twin-screw vessels 
where it was essential that the ratio between the speeds 
of the two shafts must remain constant throughout a 
set of readings. Any reading in which one shaft had 
increased while the other decreased had to be left out 
of consideration as it was found difficult, if not impossible, 
to estimate the effect of interaction between the 
propellers. 

As an instance of the delicacy of the readings thus 
obtained it may be of interest to show the curve obtained 
on a twin-screw vessel showing the actual variation in 
revolutions of one shaft when the helm is put hard over 
(Fig. 3). 

In the case of single-screw ships the revolution speed 
was counted directly, while the torsionmeter was read 
by taking the reading over a period such that the beam 
of light from the torsionmeter crossed the scale, say, 
30 times, and timing this with a stop watch. 

One of the chief difficulties experienced at first was that 
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if the ship was turning during the course of a reading the 
reading had to be cancelled, and it was impossible to tell 
until the readings were being worked out which had 
been affected in this way. This difficulty was over- 
come by the use of a pendulum close to the torsionmeter 
by which it was possible to note after each reading 
whether the course had been altered and the reading 
could be taken again if necessary, 

Torsionmeter readings were then taken throughout 
the available range and finally were corrected (pro- 
portionately to the revolutions squared) from the 
instantaneous revolutions at the time the readings were 
taken to the mean revolutions over the whole set. As a 
result of these precautions fairly consistent results 
were obtained, and it became possible to draw curves 
giving the torque variation throughout a revolution 
and to obtain some indication of the relation between the 
extent of this torque variation and the revolutions and 
pre of the ship. The actual torsionmeter readings thus 
obtained give the torque variation in the shaft itself. 

The taking of a set of readings from the torsionmeter 
in the above manner occupied a considerable length of 
time, and it was found impossible to obtain during a trial 
trip curves at any considerable number of speeds. To 
overcome this difficulty a vibration meter was designed 
which drew a curve of the vibration of the shaft over a 
period of 1 revolution. The instrument is similar to 
ones which, we understand are used by other firms, and 
embodies the principle of the gauging device described 
by Mr. Le Mesurier in his paper on ‘‘ Maag Gears” 
read before this Institution. A comparatively heavy 
flywheel is mounted on ball bearings on a short length of 
shaft and a very light aluminium pulley is similarly 
mounted on the same shaft. The pulley drives the 
flywheel through a light spring, and is itself driven by 
a belt off the main shafting. The pulley is so light 
that it follows exactly the movements of the main shaft, 
while the inertia of the flywheel is such that the slight 
variations of impulse transmitted through the spring 
are insufficient to disturb its uniform angular velocity. 
Vibrations of the shaft are thus reproduced by a relative 
movement of the pulley and flywheel. This relative 
movement is transmitted through a lever carrying a 
pencil which draws a circular diagram. The pencil 
lever was arranged to give various magnifications of the 
vibration so that a wide range of amplitudes of vibration 
could be measured. It was Sand with the big magnifica- 
tion required for small vibrations that pencil friction 
was 80 great as to interfere seriously with the accuracy 
of the readings taken, and an electrical method of 
recording, designed by Mr. J. C. Arthur, was used. 
The diagram paper was mounted on an insulated metal 
alate connected to one high-tension terminal of an 
induction coil, the other terminal of which was earthed. 
The pencil was replaced by a sharp metal point which was 
arranged to be at a distance of about 0-5 mm. from the 
diagram paper. The curve of vibration was now drawn 
by the perforation of the diagram paper by a series of 
— passing from the sharp point on the pencil arm to 
the insulated plate behind the paper. The frequency 
of spark usually obtained with an induction coil is not 
high enough to give points sufficiently close together 
for a satisfactory curve from a high-speed shaft, and it 
was found necessary to fit a high-frequency mechanical 
breaker on the low-tension side of the induction coil. 
With the use of this instrument it was possible to get 
vibration readings at a large number of revolution speeds. 

The diagrams drawn by the vibration meter show the 
vibrations at one position of the shaft, from which a 
curve of torque variation can be drawn by dividing the 
eurve obtained into its constituent vibrations and 
calculating the torque variation of each of these com- 
ponents from the position of its node. 

Case A.—This was a twin-screw vessel, 450 ft. p.p. 
in length, with a block coefficient of about 0-66. The 
machinery consisted of double-reduction geared turbines 
developing about 8,000 s.h.p. at 130 r.p.m., the speed 
of the vessel under these conditions being about 17 knots. 
The propellers were of the built type, each having four 
manganese bronze blades. 

In this case the natural frequency of the system corre- 
sponded to the vibration arising at a propeller speed of 
45 r.p.m. with a four per revolution variation. The 
amplitude of vibration was so small that accurate curves 
could not be obtained from torsionmeter readings, 
Curves were, however, obtained by the aid of the vibra- 
tion meter, but while the amplitude of the four per 
revolution frequency could be obtained from these 
it was impossible to separate from the curve any of the 
other components of the vibration. Fig. 5 is a curve 
taken at 110 r.p.m. corrected for the resonance factor of 
the four per revolution vibration ; an amplitude varying 
between 8 per cent. and 12 per cent. is shown by this 
curve. The unequal heights of the four waves indicate 
the presence of another vibration of slightly different 
frequency, probably arising in the gearing. Fig. 6 is a 
curve taken at 69 r.p.m. corrected for resonance and shows 
the same characteristics and al nost the same amplitude. 

Fig. 7 is a comparison of an undamped resonance curve 
with a resonance curve actually obtained from vibration 
meter readings. This curve confirms the calculation of 
the critical speed as the maximum on the curve (at 
44-5 r.p.m.) agrees exactly with the calculated value of 
the critical speed. The maximum multiplying factor 
in this case was only 3-7. 

Case B.—This was a twin-screw vessel of 465 ft. p.p., 
with a block coefficient of about 0-73. The machinery 
consisted of double-reduction geared turbines, and a 
power of about 4,300 s.h.p. was develo at 86 r.p.m., 
the speed of the vessel under these conditions being about 
13} knots. The propellers were of the built type, each 
having three manganese-bronze blades. 

In this case torsionmeter readings were unfortunately 
only obtained over a comparatively small angle, and as 
the vibration meter had not then been constructed, 


no very complete records were obtainable. Fig. 8 
gives the curve corrected for resonance and indicates a 
three per revolution vibration of an amplitude of 9 per 
cent. with a slight indication of a six per revolution 
vibration whose amplitude is too small for definite 
measurement. 

Case C.—This was a single-screw oi] tanker with 
machinery aft, the length being 440 ft. p.p. The 
machinery consisted of double-reduction geared turbines 
and a three-bladed propeller of the built type was fitted. 
The power developed was about 3,100 s.h.p. at about 
75 r.p.m., the speed being about 11} knots. 

In the case of this vessel the first natural frequency 
of the system Ne rea ee to revolutions of only some 
10 per cent. below full power revolutions with a four- 
bladed propeller. Under these circumstances the shaft 
diameter was increased and a three-bladed propeller 
fitted to remove the natural period further from the 
running revolutions. 





The curves given in Figs. 9 to 14 are plotted from 
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readings taken with the tips of the propeller blades just 
immersed. The torsionmeter scale box was moved 
5-8 deg. after each reading, a total angle of 94-5 deg. 
being possible. The readings from one mirror of the 
torsionmeter were separated from those of the other 
mirror by 153 deg. The corrected torsionmeter readings 
are plotted on a base of propeller angle, a blade being 
vertical on top at 0 deg., 120 ‘deg., 240 deg. and 360 deg. 
The torsionmeter reading to the left of the zero on the 
scale gives a curve from 72-8 deg. to 167-2 deg. and the 
right-hand reading a curve from 279-2 deg. to 14-2 deg. 

The torsional vibrations caused by periodic torque 
variations will be due to the change in resistance caused 
by the passage of a blade through the upper portion of 
the aperture, and to a greater or less extent by the 
passage of a blade through the lower half of the aperture, 
considerable difference of opinion having been expressed 
as to the relative importance of the latter variation. 
If the former only is of importance, this will result in 
the principal vibration having a frequency of three 
times the revolutions ; if both impulses (due to the top 
and bottom passage) are approximately equal, the 
resulting vibration will have a frequency six times the 





revolutions ; these correspond to torque variations with 
periods of 120 deg. and 60 deg. of propeller angle 
respectively. 

Assuming a torque variation with a period of 60 deg. 
of propeller angle, the critical speed of the system on 
ship A was between 47 r.p.m. and 48 r.p.m., and on 
the assumption of a 120 deg. periodicity, this figure 
is doubled, making the critical speed between 94 r.p.m. 
and 96 r.p.m. 

Curves C and D (Fig. 9) were taken between London 
and Dover on July 20 and 21, 1921,.and curve D illus- 
trates the difficulty of obtaining even approximately 
accurate torsionmeter readings in a choppy sea. Curve C 
was taken when a moderate swell was running, and as 
will be seen, this has not interfered with the accuracy 
of the readings. , 

The readings from which curves E to K (Figs. 10, 
11 and 12) were drawn were taken between Dover and 
Bordeaux. As the sea was calm and the turbines 
running at a steady speed throughout this period, 
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the mean of these curves should give an accurate tor- 

| sional vibration curve for this speed of the turbines. 
| The curve L (Fig. 13) is plotted from the mean of the 
| values for the curves E to K, all corrected to 68-2 r.p.m. 
| In calculating the mean values such readings as were 
obviously incorrect were omitted (e.g., the reading 
at 350-5 deg. in curve E). 

In the curve L (Fig. 13) the points obtained from the 
mean values of readings are joined by a curve drawn 
in full line, and the shape of the curve between 167 deg. 
and 280 deg. and between 14 deg. and 73 deg. is assumed 
and shown by a dotted line. 

The resulting curve is evidently composed of a 60-deg. 
period vibration superposed on another vibration with 
a period of 120 deg. The two vibrations are assum 
to approximately follow a sine law, and on this assump- 
tion the 120 deg. period vibration is shown in chain 
dotted line. The amplitude of the two vibrations can 
now be obtained, and dividing these amplitudes by 
their resonance factors, values of the torque variation 
at the propeller are obtained, these being 9-5 per cent. 
for the 120 deg. period vibration and 11 per cent. for 
the 60 deg. period vibration. . ine 

The 120 deg. period vibration being below its critical 
speed, has a maximum value of shaft torque at the same 
time as the propeller resistance torque is a maximum, 
but the 60-deg. period vibration is above its critical 
speed, and so there is a maximum torque in the shaft 
when the resistance torque at the propeller is a minimum. 

Curve N (Fig. 14) is drawn for the mean values of 
propeller resistance torque variation obtained from 
curve L (Fig. 13), the 60-deg. period vibration being 
inverted as explained above. ; p : 

Fig. 15 is the di m of wake distribution given in 
the paper read by Mr. R. J. Walker, C.B.E., and Mr. 8. 8. 
Cook, B.A., before the Institution of Naval Architects 
on March 17, 1921. The wake distribution for the 
ship in question will be similar to that shown in this 
diagram, and the curve of torque variation derived is 
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quite consistent with such wake distribution. The 
critical speed in this ship could be determined by the 
vibration in the engine-room and was found to be about 
2 per cent. lower than the calculated value. 

Although no resonance curve was obtained indicating 
the maximum multiplying factor, it was evident from 
torsionmeter readings taken at the critical speed that 
tooth separation was occurring over a range of 1 r.p.m. 
or 2 r.p.m. above and below this speed. The six per 
revolution torque variation having an amplitude of only 
+ 5-5 per cent., it follows that the maximum multiplying 
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on the moorings trial of this vessel. The shaft was 
running at 45 r.p.m., #.e., 0-875 of the eight per revolution 
vibration critical speed and 0-437 of the 4 per revolution 
vibration critical speed, the multiplying factors being 
four and 1-24 respectively. 

The actual uncorrected curve obtained from the 
vibration meter is shown at A (Fig. 16); as will be noted, 
it shows a distinct eight per revolution frequency of 
varying amplitude, no other frequency being at first 
apparent. On analysing the curve it was found that the 
variation in amplitude was due to the presence of a 
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Chain dotted line is assumed curve of 120 deg. period vibration. 


Speed = 68-2 r.p.m. 
Mean reading = 63. 
8.H.P. = 2325. 


Amplitude of 120 deg. period vibration = about 20 per cent. at 0-72 of critical speed. 


.*. 120 deg. period propeller torque variation 


= a = 9-5 per cent. approx. 


Amplitude of 60 deg. period vibration = about 10 per cent. at 1-45 of critical speed. 


10 


-*. 60 deg. period propeller torque variation = ——_ = 11 per cent. approx. 


factor must have been about 20. It must, however, be 
remembered that this is an exceptional case, the short 
shafting and the further stiffening of the shafting, for 
reasons stated above, both tending very much to decrease 
the damping factor and to increase the multiplying 
factor, and it is unlikely that under normal conditions 
this factor will reach a value in any way approaching 20. 

Case D.—This was a ship similar to that from which 
case C results were obtained, but was fitted with a four- 
bladed propeller, 18 ft. 6 in. diameter, and a somewhat 
different arrangement of machinery. Owing to the 
fitting of a four-bladed propeller the critical frequency 
of the system again fell dangerously near to the maximum 
revolutions per minute, and the shafting diameter was 
further increased in order to increase the critical fre- 
quency well above the maximum revolutions per minute. 
This brought the single node critical frequency up to 
6-9 per second, corresponding to a critical revolution 
pe of about 51-5 for an eight per revolution vibration 
frequency and 103 r.p.m. for a four per revolution 
frequency. Readings were taken with the vibration 
meter, with a propeller immersion of about 60 per cent., 
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four per revolution frequency and of a 6-7 per revolution 
frequency ; the latter will be considered later. A 
combined curve of the four and eight per revolution 
components is shown at B (Fig. 16) corrected for re- 
sonance. An amplitude of 30 per cent. is indicated. 

The curve shown at A (Fig. 17) is from a set of torsion- 
meter readings taken with the propeller blade tips 
immersed 7 ft. The curve is corrected for resonance 
and consists of :— 


One per revolution frequency of amplitude 13-7. 
Two per revolution frequency of amplitude 3-7. 
Four per revolution frequency of amplitude 10 - 5. 


The shape of the uncorrected curve indicated an eight 
per revolution frequency, but the amplitude was so small 
that it could not be measured, and after correction by its 
multiplying factor, would not amount to more than 
about 0-5 per cent. In vibration-meter curves taken 
at about the critical speed of the eight per revolution 
vibration an amplitude of about 9 per cent. was apparent ; 
this indicates that in this ship a maximum value of 
the multiplying factor of about 20 might be expected, 
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which agrees with the result obtained from case C. 
The curve B (Fig. 17) was taken when the propeller 
was immersed 90 per cent., the revolution speed Sates 
54-5. The same components are apparent as in curve A, 
but the amplitudes are poets tes 1 different, being 
as follows :— 
One per revolution vibration 9-7 per cent. 
Two per revolution vibration 3-2 per cent. 
Four per revolution vibration 7-2 per cent. 








Eight per revolution vibration 0-7 per cent, ° 
The value of the eight per revolution vibration is only 
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approximate as it is so near to its critical speed that 
damping has a considerable effect on the multiplying 
factor. The figure of 0-7 per cent. given above is 
calculated on the assumption of a maximurn multiplying 
factor of 20 at the resonance point, this giving a factor 
of 6-5 at the speed of 54-5 r.p.m. It must again be 
remembered that the possibility of so large a multiplying 
factor of 20 is due to the altogether abnormal circum- 
stances existing in this vessel. The one per revolution 
frequency is assumed, in drawing the above curves, 
to be due to the propeller. It is possible that it may have 
arisen in the low-speed gear wheel, but in view of ita 
magnitude this is unlikely. 

In all vibration-meter diagrams on this ship there 
occur vibrations of a frequency of 6-72 per revolution 
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of the propeller ‘shaft. This was the first case in whic h| 
a vibration of a frequency other than an integral multiple 
of the propeller shaft revolutions was definitely observed 
(though indications of such 
In this case the second reduction gear ratio was 6-72, 
and it is evident that the vibration is due to a one per 
revolution tooth inequality in either the wheel or the 
pinion on the intermediate shaft. A typical curve is 
given in Fig. 18 and the characteristics evident there 
appeared in all diagrams taken about the same revolu- 
tions. The occurrence of vibrations directly traceable 
to gear errors is of importance, and the observations 
made on this vessel have been fully confirmed in another 
vessel of the same type, in which diagrams taken while 
running the gearing in the shop and while running at sea 
show similar vibration synchronous with the speed of 
the intermediate shaft, though, as might be expected, 
the amplitudes observed in the two cases differ con- 
siderably. 

To return to the diagram given in Fig. 18, the vibration 
is obviously a compound vibration due to the phasing 
of two vibrations whose frequencies do not lie far apart. 
Curve A is an actual diagram taken from the vibration 
meter; curve B is a sine curve of 6-72 per revolution ; 
curve C is a sine curve of eight per revolution ; and 
curve D is a compound curve obtained by combining 
curves Band C. It will be observed that the compound 
curve corresponds in a remarkably way with curve A. 
The slight divergence existing between A and D is mostly 
accounted for by the existence of a four per revolution 
vibration, which, however, at this speed—50-7 r.p.m. 
is of a very small amplitude. 

The amplitude of a vibration arising from a gear error 
is directly proportional to the rigidity of the shafts 
on which the gear is mounted. In the case in question 
flexible shafts were fitted to the pinions of both the 
first and second reduction gears, and it was the flexibility 
of these shafts that limited the amplitude to a magnitude 
such that the tooth stresses were kept within reasonable 
limits. 

Case E.-—For comparison with the above results the 
curve of variation of propeller torque on the 8.8. San 
Fernando has been calculated from the figures given 


by Messrs. Walker and Cook, in their paper on reduction | 
gehring read before the Institution of Naval Architects | 


in March, 1921. Torsionmeter readings taken at 61-3 
r.p.m. were given, this speed being 0-875 of the critical 
speed, which is stated to be 70. The undamped re- 
sonance factor would be 4-3. The multiplying factor 
at the critical speed is not likely to be less than 10, 
giving a factor of 4 at 0°875 of the critical speed. This 
factor has been applied to the curve of torsionmeter 
readings given in the paper mentioned and the torque 
resistance curve shown in Fig. 19 thus obtained. This 
shows a very marked agreement with the results obtained 
in case D. 

Conclusions.—In considering vibrations arising from 
the propeller the important factors which must be known 
with a fair degree of accuracy are the critical speeds, 


the actual variation in the resisting torque of the pro- | 


peller and the multiplying factor due to resonance. 
regards the natural frequencies of the system : 
where a natural frequency could be observed it was 
found, to be within 1 per cent. or 2 per cent. of the 
calculated frequency. 

The data available are insufficient to make possible any 
general formula giving the propeller torque variation 
in terms of the many factors involved. On the other 
hand, it appears that the variation is not likely seriously 
to exceed 10 per cent. under any conditions of immersion 
of the propeller or at any speed of the ship. (Note.—It 
must be borne in mind that the torque variation referred 
to is the periodic variation occurring with a propeller 
working at constant immersion, &c., the frequency being 
determined by the revolutions. The variation in torque 
with a vessel pitching heavily may of course be much 
greater and is of an entirely different character.) The 
amplitude of + 15 per cent. obtained on the mooring 
trial of case D is greater than would be obtained with 
the same immersion at sea due to the abnormal condition 
of a moored vessel. 

The multiplying factor due to resonance will vary 
very largely with different installations. In the case of 
vessels with machinery amidships the damping is large, 
as evidenced by the results obtained in case A (Fig. 7), 
and the multiplying factor is small. 
aft and the short stiff propeller shaft resulting in such 
a case, the damping is very much smaller and the multi- 
plying factor may become considerable. The damping 
effect will vary with the torque and revolutions, and the 
multiplying factor will be proportionately greater at 
higher powers. 

There appears little doubt that if resonance occurs 
at less than half speed there is no danger of the multi- 
plying factor being so great as to cause tooth separation 
and that in such a case no unworkable range will occur. 
If the resonance occ1rs at a speed above half speed, | 
tooth separation and a resulting unworkable range may 
eecur, but the unworkable range will be very small, 
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were noticed in case A). | 





and the possibility of its coincidence with normal running 
Speed can easily be avoided if the problem is considered 
during the design of the installation. 

| The possibility of dangerous vibrations arising from 
causes other than the propeller is not great, but, if such 
occur, they are more likely to be serious, particularly 
in the case where the node of the forced vibration caused 
by periodic tooth inequalities falls in the train of gears 
causing the vibration. Here also it is possible in the 
design of an installation to avoid such a condition 
occurring at normal speed. It should be observed 
that vibrations arising from any other causes than 
the propeller or slow-speed wheel can only be detected 
by means of some such instrument as the vibration meter ; 
only vibration of a frequency equal to, or a multiple of, 
the propeller shaft revolutions can be traced from direct 
torsionmeter readings. 

There has been considerable discussion as to the possi- 
bility of periodic inequalities occurring in the gearing 
and considerable divergence of opinion as to the magni- 
tude of such inequalities. The gearing in vessel] D 
quoted earlier in the paper was cut with special care by 
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a firm of high reputation, the tooth bearing on examina- 
tion after trials was continuous for almost the full width 
of all faces, and the gear was remarkably quiet when 
running. Yet even in such a case we find the vibration 
due to gear inaccuracy sufficient to cause stresses of 
considerable magnitude in a rigid interleaved gear, 
and there can be no doubt that inequalities do occur 
of such magnitude that it is necessary to guard against 
damage which they might possibly cause. 

The introduction of flexible shafts between turbines 
and first reduction pinions and first reduction wheels 
and second reduction pinions appears to be the most 
satisfactory way of minimising the amplitude and effect 
of vibrations from such tooth inequalities, and by these 
means they can be reduced to proportions from which 
no danger can arise except in certain cases of coincidence 
with critical speeds, which cases can be avoided in the 
design of the gears. 

The troubles which have occurred appear to be due 
to no inherent defect in double-reduction gearing, 
but the adoption of such gearing for ship propulsion has 
made it essential that the possibilities of torsional 
oscillations be thoroughly explored, and the calculations 
entailed, though somewhat tedious, are comparatively 
simple. A somewhat analogous case is that of a turbine 
spindle in which adequate calculations to ensure the 
avoidance of all critical speeds have long become a 
matter of routine, and it appears not unreasonable that 
| similar precautions should be taken to protect a gearing 
installation. 


| 
| 








INTERNATIONAL PHOTOGRAPHY EXHIBITION, TURIN.— 
An international exhibition for photography, optics and 
| cinematography is to be held in Turin in the months of 
| May and June next. The head office of the Executive 
Committee is at 25, Via Ospedale, Turin. 
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CATALOGUES. 


Oil Fuel Burners.—Two short catalogues of oil fuel 
burners for steam boilers and furnaces have reached us 
from Messrs. Meldrums, Limited, Timperley, Manchester. 


Electric Motors.—Messrs. Cutting Brothers, Limited, 
Stamford, send a copy of their catalogue, giving prices 
and particulars of direct-current motors, in sizes develop- 
ing from } h.p. to 70 h.p., at various speeds. 


Electric Lanterns, d&c.—An enlarged catalogue of 
lanterns, reflectors and general fittings for electric light 
is to hand from the Wardle Engineering Company, 
Limited, Elsinore-road, Old Trafford, Manchester. 


Fencing.—A catalogue giving dimensions and current 
prices of wire fencing ‘with the necessary posts, strainers, 
&c., for erection, has come to hand from the Darlington 
“0%, Company, Limited, 5, Lloyd’s-avenue, London, 

Gear Grinding.—Half-tone illustrations of two similar 
spur wheels, showing by contrast the effect of grinding 
the teeth after hardening, are printed on a card issued 
by the Gear Grinding Company, Limited, Handsworth, 
Birmingham. 

Temperature Controller—-An apparatus for auto- 
matically regulating the temperature of radiators, ovens, 
&c., is described in a catalogue received from the Leeds 
Electrical Construction Company, Limited, Charmouth- 
| street, Leeds. 

Ball Bearings.—A pocket-size catalogue of ball and 
roller bearings, with compact, clearly printed tables of 
dimensions and prices, is to hand from the Skefko Ball 
Bearing Company, Limited, Luton, and Kingsway, 
London, W.C.2. 


Electric Capstans.—A special catalogue of electric 
capstans of various powers, suitable for docks, railway 
sidings and yards, colliery yards and similar places, has 
been issued by Messrs. Ransomes and Rapier, Limited, 
of Ipswich, and 32, Victoria-street, London, 8.W.1 


Gas Plant.—A catalogue giving clear _ illustrations 
| and brief particulars of plant for producing and cleaning 
gas and for refining benzol has been received from the 
Power Gas Corporation, Limited, Stockton-on-Tees. 
Fully descriptive catalogues of each class of plant are 
also issued. 

Roller Bearings.—A catalogue of line shaft bearings, 
fitted with spiral rollers, comes from Messrs. Hyatt, 
Limited, 56, Victoria-street, London, S.W.1, who also 
send an illustrated blotter and illustrations of a new 
flexible roller bearing applied to a motor-car gear-box 
and back axle. 





Fans.—Card circulars showing a portable forging 
hearth with hand-driven blast fan, a dust-blowing set 
with electric fan for cleaning out electrical machinery, &c., 
and a belt-driven cupola fan have been received from the 
Sturtevant Engineering Company, Limited, 149, Queen 
Victoria-street, London, E.C.4 

Marine Electrical Equipment.—The General Electric 
Company, Limited, Kingsway, London, W.C.2, has 
published a pocket-size catalogue of marine electrical 
equipment which covers all machines and supplies for 
power, light, heating, communication, &c.—in fact, 
practically all electrical requirements for shipboard use. 


Heat Exchangers. -What is called in America a “‘ heat 
exchanger’’ is a nest of tubes enclosed in a casing so 
that two liquids may be circulated, one inside the tubes 
and the other outside, for operations such as oil refining 
and heating, cooling, condensing, &c. These heat 
exchangers are made in standard sizes for single use or 
multiple connection and for horizontal or vertical 
mounting by the Griscom, Russell Company, 90, West- 
street, New York, who have sent us a descriptive cata- 
logue of them. 

Roofing Sheets.—Flat and corrugated steel sheets 
covered with successive layers of asphalt, asbestos and 
waterproof material and suitable for roofing are 
described in a pamphlet to hand from Messrs. Edward 
Le Bas and Co., Dock House, Billiter-street, E.C.3 
The material is about one-third heavier than ordinary 
corrugated iron, but is claimed to be completely proof 
against corrosive action, and therefore extremely durable. 
The pamphlet gives full particulars, including prices of 
sheets, ridge caps, flashings, louvres, &c. 

Technical and Scientific Books._-Catalogues, supple- 
menting their 1917 catalogue of books, to hand from 
Lewis’s Library, 136, Gower-street, London, W.C.1, 
comprise a 68-page pamphlet covering the years 1918-20 
(price 1s.) and quarterly pamphlets up to the third 
quarter of this year. Recent medical and scientific books, 
including a number on civil, mechanical, marine and 
electrical engineering, metallurgy, manufactures, and 
other technical subjects are very fully represented. The 
books are lent on subscription terms or may be purchased, 
the net price and postage being quoted in all cases. 
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“SCOTLAND — Glas, FRAN 


s, 
gow. 1B — Soc. ons 

fred Herbert : gy tee, 
Soc. Anon. Be : 
ix: ‘ DIA—Alfrea erbert Ines) Lad. : 
'Rombay, Madras, m 

. Anon, Ital, Alfr 

SALA — Alfred erbert (Australasia 
& ries, gar4 oh lg Yokohama, Tokio, 





ith cutters and outfit. State make, specification, 
price, ete., A sted _ “apnea OHMES BURHAU, 
istiania, 


\Wanted Tistauntal Tandem 
; COMPOUND oe enya ENGINE, 
80) B.HP. for 150 lbs. 

' fy wheel. gle poILERe. 
Te-insure 150 Ibs. 
| Mon. —MAJOR 





ure with 
30 by 8 ft. 6 in. 


Must be 
FFE, LTD., Milns' 


Aecurney 
pt service —R. SWIFT, 8, ee 


etc., 
PRO- 
IN OF ENGINBERING PLANT, APPLI- 


Lille. BELGIUM— 


x173 
Remetbend but Modern Gear 


MILLING MACHINE WANTED ene 


K 194 


eondi- 
X15, 


AND AUCTIONEFRS OF $955 
ENGINEERING WORKS PLANT AND STOCK. 
46, WATLING STREET, LONDON, E.O., 4. 

16, ALBERT SQ. 26, COLLINGWOOD ST., 
MANCHESTER. NEWOASTLE-on-TYNE. 
aed & Telegrams at each Address. 


IN THE HIGH COURT OF JUSTICE. 
CHANCERY DIVISION. 


IN THE MATTER OF A. G. SCOTT & OO. LTD., 
with the approbation of Mr. Justice EVE, pursuant 
to the Order of September 13, 1922. 

BY AUOTION in the Estate Sale Room, 

20, Hanover Square, W., 

On Monpay, Keer ig the 22nd, 1923, 

at 2.30 p.m. precisely, 
By Mr. JOHN F. KNIGHT, of the Firm of Messrs, 


Kish Frank & Rutley, 


IN ONE LOT 
AS A GOING CONCERN, 
The Well-known and Old-established 
BUSINESS and GOODWILL 





or} 
including the bbe nmeg Be Lesschola 
Waterside Factory Pre 
known as Crown Wharf, > domeng Darset and 
Hanlon Street, Deptford. 
having a floor area of about 69,300 
with excellent O Concert H 
Central Yard, etc. 
Also 12 to 26 Hanlon Street (even numbers), 
together with the im t 
MACHINER 
PLANT, STOCK 
Dies, Tools, Trade Fixtures, Forniture, Tin Plates, 
tly manufactured, unused, and unfinished Stock, 
Ider, Varnish, Glue, Ink, caene, etc., with the 
right to use the Firm’s name and processes. 


Inspection of the works and materials by appoint- 
ment with the Auctioneers. Particulars, Plans, 
and Conditions of Sale may be had of the 
Solicitors 

Messrs. Jounwson, WEATHERALL, Stunt & 
Harpy, 7, King’s Bench Walk, Temple, 
Cc 


.C. 4, 
Messrs. Bincuam & Co., 50, Old Broad Street, 
BE 


juare feet, 
, Canteen, 





Messrs. srs. PARKER, GaRRETT : Co., St. Michael’s 
Cornhill. B.C. 3. 
or of the be. AUCTIONEERS, at their offices, 20, 
Hanover Square, W. 1 Bere Princes Street, Edin- 
burgh; 78, Vincent pe ot, Glasgow ; 
Bank Street, Ashford, K 


——————— 
FOR SALE. 


Nive 5-Ton Coal or Refuse 


HOPPER TRUCKS, standard gauge, ball 
bearings, bottom eT Low 
HARRY H. GARD & 0O., LIMITED 
Staines. ku 


9() HP. Portable Oil Engine, 


new; alse 10 N.HP, 
Portable STRAM i iGINE, by anion new 1018. 
HARRY f GARDAM'2 LIMITE 


Staines, "en 
700 


LHP. Horizontal Steam 
ENGIN by Hick Hargres 
1911. nknae Valves Jet Condenser eeu 
ou. 
Staines, 


LIMITED, 
ku 











M2echine Tool Makers with 
. well-introduced Specialities in eseostal, 
Radial and Vertical Drilling and Machin 

are OPEN to DISPOSE of DRAWINGS s1G8, 
DESIGNS, and MANUFAOTURING sles 

Great development eer to er 
tical men.—Address, X 141, Offices o' wotwerarne. 


Fo Sale or Hire. All Classes 


of RAILWAY WAGONS, 10 and 12 Ton 
capacity, with Side and End Doors. W: 
Yard or Private Siding use. Also Tank Wagons 
and other Trucks for » lised trades. Write for 
roe 2. B & SONS, a tgrapbte 


‘Address : renee Bas : Wigse, Melophone, 60 780 Wig 
or Disposal, 


uae? and Patio 








‘ons fur 





D ebat Stock of 
STHEL in sheen and 
quality 

Fe auantity. Tine ‘Gauss 
OUPPER WIRES. In- 


of full particulars obtainable from 
49, Sexxg’ Advertising Offices, Fleet rae, 


, 4. 
Mae Sale, 20 6-yard drop-sided 


Contractor’s maieee WAGONS, made by 
et Pee bat Wagon Co., Lid., t 

GB te to carry ten tons.—W BOX 
+P Seis’ Advertising Offices, Fleet — 


Moter Barges For Sale, 


>. ly new, very strongl balt by frat 
class Bribie balidecs, Hold cs ld capacit; 6000 ft. ft., — 
106 ft. by 21 ft. beam, fitted wield e screw motors. 

Th ee ee ee ort coasting 
work and ovat ah ice of] carriers or for 


com ar Tbe kogiy, sAMinS Di sna a coma, 


Sane 











3 with table 4 ft. 3 in. diam. 





oilers Vertical, Loco., Cornish, Launch, 
» Field-tubes, a speciality. Also 
Air Receivers and Feed-water Heaters.—Apply 
GranTHaM Borer & i b Co., Lid., Grantham. 
r['¥o 28/30. ft. b y 7 ft. dia. 
LANCASHIRE aot A complete with 
Aber mountings, furnace ‘fronts, fire bars, 
insured for 169 lbs. working ear first rate 
condition, £295 f.o.r,.— Address, X 90, Offices of 


ENGINEERING, 

10 () Kw. 220 volt Direvt 
Coupled DIBSEL ENGINE and D.O, 
GENERATOR. Very little used, first-class 


condition.—Address. X 91, Offices of KNGINEERING. 
“) 
ko Sale. 


4 in. SUBMERSIBLE PUMP, output 100 tons ee 
hour at 75 ft. total bead, 160 tons per hour at 
discharge, driven by 15 HP, electric motor 220 Fag 
3 phase, 50 periods, 1420 r.p.m., complete with 
7 transformer, Primary 22 HP. 100 volts, ad 

ne. Secondary 17 k.v.a., 220 volts, 44 am 
ene osed type, starter, connecting cable, suc 
hose spares and trolley. Makers: Submersible 
Motors, Ltd. Particulars from 
MURRAY McVINNIB & 4 CO., LTD., 
Mavisbank, 
Glasgow. 











X 186 


x Immediate Disposal, 


GAS ENGINE PLANT comprising :— 





One four-cylinder Tandent Westinghonse Gas 
Engine. 700 B.HP see Oe roves direct. coupled 

* Vickers” D,O. Generator 440/500 volts 

with switchboard, etc. 


One Suction Pressure Gas Producer (Ruston and 


Proctor), desi to operate on Welsh 
Anthracite or Coke. 


The above were purchased in 1918, and are in new 
condition, and may be inspected ai any time by 
appointment, 


Full particulars may be obtained on application 


VICKERS-PRTTERS, LTD., 
Ipswich Works, 


Ipswich. x2 





MULTIPLE PUNCHING MACHINE, by Rush- 
worth & Co., capacity about ba | in, holes through 
ve in. plate, | gap 4in., open end 

“FELLOWES” GHAR SHAPING MACHINE, 
to take spur gears up to 36 in. diameter, 


8 FT. VERTICAL BORING AND TURNING 
MILL, by J. Hetherington & Sons, table 7 ft, 
diam., two tool boxes, 5{t. underneath cross slide, 


TEN Nearly New 18 in. centres ALL GHARED 
HBAD arranged for motor drive 8.8.8. LATHES on 
34 ft, 3 in. , by G. & A. Harvey, Ltd. 

16 IN, CENTRES DOUBLE GEARED SURFAOB 
SLIDING AND SCREWOCUTTING LATHE on 
24 ft. 6 in. gap bed, by Butterfield, Ltd. 

PLANING MACHINE, to plane 14 ft. by 5 ft. by 
4 ft., two tool boxes on cross slide, by J, Buckton 
& Co., Ltd. 

THREB NBW RYBRSON-CONRADSON NO, 8 
HIGH POWER PLAIN MILLING MACHINES, 
table 63 in. by 12} in. 

VERTICAL BORING AND TURNING MILL, 
two tool boxes on cross 
slide, by The Bridgeport Machine Tool Works, Ltd. 

TWO NO. 3. LUMSDEN OSCILLATING TOOL 
GRINDING MACHINES. 

UNIVRRSAL CYLINDRICAL GRINDING 
MACHINE, size 10 in. by 30 in., 5§ in. centres. 
30 in, between, by the Taft Peirce Mtg. Co., Ltd. 
CATALOGUB of Stock MACHINERY, 6000 Lots, 
Free on Application. Inspection invited. 


. thos. W. W 4, ie 


ALBION WORKS, SHEFYIBLD. 
— Saiadiecie 
MISCELLANEOUS. 


P. Thurston, DSe., 

Engineering. Hxpert advice on Patents, 
Inventions, Models and Designs.—29, stern 
Buildings, Ww. 0.2, Holborn, 2542. 











PUBLICATIONS. 


NEARLY OUT OF PRINT. 








Crown 8vo. Cluth. Price 4s. By Post 4s. 6d. 
72 pp., with numerous Diagrams. 


STATICALLY INDETERMINATE 
STRUCTURES AND THE 
PRINCIPLE OF LEAST WORK, 


HAROLD MEDWAY MARTIN, 
Wh. 8c., 


Lonpow : Offices of “ ENGINEERING,” 85 & 36, 
Bedford Street, Strand, W.O. 


Pahl. td, ta 
+ 








d on page 4, 





ENGINEERING. 
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Imperial to, xii,104 pages, Cloth Gilt. Price 14s. net. 
By post 15s. 


DIE FORGING 


AND THE 


CONSTRUCTION 


OF 


DIES. 


By JoserpH G. Horner, 
A.M.I. Mech. E. 


With 778 Illustrations. 


This Volume is based upon various articles which 
have appeared in “‘ Enemvesnive,” but the matter 
has been collated, re-arranged under suitable headings 
and revised. This is the only attempt yet made to 
deal with the subject of Die Forging in a compre- 
hensive and fairly exhaustive manner. 


Loupon : Offices of “ ENGINEERING,” 35 and 86, 
Bedford Street, Strand, W.O. 2. 


AND ALL BOOKSELLERS. 


Demy 4t0, xx—264 pp., 173 Plates with Sectional 
Drawings and other Illustrations and Numerous © 
Details in Text, Price 21s. 


THE EVOLUTION 


OF THE 


PARSONS STEAM TURBINE. 


BY 


Alex. Richardson, A.I.N.A. 


Lonpon : 
ENGINEERING,” 35 & 36, Bedford Street, 
Strand, W.O. 


Offices of ** 





THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 


HAMWORT HY 


PUMPS and AIR COMPRESSORS. 


THE HAMWORTHY ENGINEERING CO., LTD.. 
78, VICTORIA STREET, LONDON. «15 














A REPRINT FROM 


“ ENGINEERING” or :— 


THE QUADRUPLE SCREW 
CUNARD LINER 


“AQUITANIA,” 


Built and Eagined by 
Messrs. JOHN BROWN & CO., Ltd., 
Sheffield and Clydebank. 


In Imperial Quarto, 92 pp. with 
13 Two-page Engrayinga and 320 
Illustrations, many of them large scale 
working drawings. 


Price 6/= net, bound in cloth (post 
free in- the United Kingdom, 5/5; 
or abroad, 6/-). 


Lonpon : 


Offices of “ENGIN BERING,” 35 & 36, Bedford Street, 


Strand, W.C, 


CROWN BOILER COVERINGS 
96% EFFICIENCY 


SUTCLIFFE BS. * BRYCE L™- 


Globe Works, Godley, Hyde, MANCHESTER. 
London Works: Seal Wharf, Stratford, E, 15. 





8675 See Illustrated Advt. page 66, Dec. 15. 





CASTINGS. 


Gunmetal—Phosphor & ManganeseBronze,&c. 
Engine and Boiler Mountings. 
Lighthouse and Fog Signal Engineers. . 


STEVEN «STRUTH ERS 
GLASGOW, SCOTLAND. 
See our Illustrated Advert. on Dec. OO ze 19. 


STEEL CASTINGS 


STEEL AND IRON FORGINGS. 
THE DARLINGTON FORGE LTD., 
DARLINGTON. 


Tele.; — Dapiiveror.” oS, atte 
‘See advertisement, page 74, Dec. 22.) 


GREI 


‘CRUDE OILENGINES 


FOR RELIABILITY AND ECONOMY. 
Marine and Stationary 4 to 330 B.HP. 


VOGT ano MAGUIRE, LiverPooL. 
"Phone: Bank 9015. "Grams: “* Vogt, Liverpool.” 


TURNED TAPER PINS. 


LION ENGINEERING Co., Lto. 


GRANVILLE STREET—BIRMINGHAM. 


Telegrams ; 937 Telephone: 
Lionengco, B’ham. 1643 Midland, 


LAMBETH 


COTTON DRIVING 


ROPES. 



































9078 


MADE 3-OR 4 STRAND. 


Specially suitable for Drives in Engineering 
Works, Rolling Mills, Cement Works, 
Textile Factories & Main Driving Generally. 


Book on Rope Driving free on application. 


THOMAS HART, ua 


LAMBETH WORKS, 
BLACKBURN. 


Established 1789, ENGLAND. 











ee 


Hoppers, J 











TINKER, SHENTON « Co. L™: 


= SD BE, Near MANCHESTER. 
TELEGRAMS— 
DUPLEX, HYDE. 


Ne Wa =, 
5 ae a eNYOE, MANCHESTER : 


Contractors to The Admiralty, War Office, Home and Col 


Makers of LANCASHIRE, CORNISH aod all other types of BOILERS, Creosoting Cylinders, 
Superheaters, Galvanizing Baths, Girders, Tanks, Air Receivers, Condensers, Shells, 
' d Pans. Trays and all welded, flanged and riveted work. 


REPAIRS OF EVERY DESCRIPTION. 


TELEPHONE— 
21, ASHTON-U-LYNE, 


“Say, 


ial Gover 





nts, H.M. Office of Works. 


8175 


JACK’S CRANES 
ALEXANDER JACK & Co., Ltd., 


Motherwell, Seotland. , 
See Illustrated Advertisement every fourth weelll 











PRICES 4 SAMPLES 
NAMEPLATES 
© DENAA N 


CHOTTEL 
AMSTERDAM 


CHOLLAND) 


KAYE’ S| 


LATEST 
“FORCE FEED” 


MOTOR AND ENGINEERS” | 


SEAMLESS} 
STEEL | 
OILCANS. 








aso THE “K”’ 
OIL ECONOMISER 


STORAGE 
CAPACITY 
FROM 
i 


to 
100 
GALLONS 
AS MAY BE 
DESIRED. 


Contractors to H.M. Na 
Home Office, and Indian 


. War Dept. 
te Railways. 





SOLE MAKERS :— 


Joseph Kaye8 Son 


LTp., 
Established 1864. 


LOCK —" LEEDS 


93, HIGH * HOLBOR! f 
LONDON, W.C. 1. 
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PaGE 
ott & Co.(Newark) Ltd. 


BR. G., Ltd... 
Bhi buildingOo. “Lea. 
0 Ltd. 


Armstrong. Stevens & Son 
Arrol, Sir W., & Co., Ltd. 
Ashwell & Nesbi Ltd. 


40 
Aster Eogncering Co. “agi: 3). 


Auto ‘Machinery Co., Lta. 
weling & Porter, Ltd. - 


Rassett-Low ke. iiee . we 
Beardinore, Wm. ,A&Co., Ld. 
Bedford | .<ere Co. 








Eien Fis. & Rubber Co. 
ieey, Scho, ae, 
Bellies & Morcomn, » oe 

) Bennis, Ed., & Co., Lt. .. 
Bergius Launch & Engine 
Werry, Francis, & 2d a ay 
Berry, Henry, & Co., “ 
Bertrams, Ltd. ee 
Billington & Newton. Ltd. 
Birm. R. C. . Co., Ltd. 


40 | 
21 
Blake, John, Ltd. 
Blundell & Co, .. 
Bodley Bros. & Co. 
Booth, Jos., & Bros., 
Boulton & Paul, Ltd. . 
Boving Eng. Workr, Ltd. 
Braby, Fred., &Co., Ltd 

Bradley & Craven, Ltd. 

Bradley Puiverizer Co, .. 
Brett's Patent Lifter Co. Ld. 1| 
BritanniaLathe&OilEngine 


89 
9 Ltd. .. 


Ltd. 84) 


81) 


84| Cochran & 


| Ltd. 2 
70 Constructional Engi 


PAGE 
Brit.Commercial Gas Assn. |9 
British ElectricPlant Co. L4. 
British Niclausse Boiler Co. 
British Ropeway Eng. Co. 
British Steam Specialties 
British Thomson-Houston 


Brotherhood, Peter. ita” 
Broughton Copper Co., Ltd. 
Brown, David, & 
(Huddersfield), Ltd. 
Brown, W. B. & 
(Bankhall), Ltd. .. 
Brundrit, Joseph 
Brush Elec. Eng. Co., “Leta. 
Buck & Hickman, 1 ta. ° 
Budenberg Gauge Co., Lta. 
Buhring’s Patent Water 
Purifying Co. . 
Bull's Metal & Melloia Co. 
Butcher, Henry, & Co. .. 
Butterley Co., Ltd. .. 
Butterworth Bros., Ltd. 
Buttington Brickworks . 


ird & WOE .. cc os 
| Cainmell, Laird & Co.,Ltd. 


Campbell & Calderwood LA. 
Cainpbell Gas Engine Co. 


9| Campbells & Hunter, Ltd. 


rels, Diesel & Steam 
Engines (London), Ltd. 
Ceretti & Tanfani 
Chaplin, ae ° Co., ” Ltd 
> ee ¥, Ltd. 
cereer ey Tube Co., Lta. 
| Ghottel. Adolf, & Co, ° 
Christiani & Nielsen.. 
Citroen Gear 
Clarke, Chapman & Co., la. 
Clayton, Son & 
Cleveland Bridge &Eng. Co. 


91 | Clifton & Baird. Ltd. 


Clyde gr Iron Co. 
Cockburn, A., & Co. . 


70 | Gockburns, Ltd. . 
63 | Coles, Henry J., Lta. fr} 
9 | Consolidated Brake & + Ene. 

91 


ing 


Co. (A.), Ltd. 1& 
+. 68 


IMmDpa=x= To ADYDVANRTISAtMI NW TS. 


PaGE 


Day, Summers & Oo.. 
Dempster, Robt. .&Sons,Ltd 
Dennystown Forge Oo. .. 
Drum Seenns Co., La. 
Drummond Bros,, Ltd. 


Edmeston, A., & Sons, Ita. 
Electro-Mechanical Brake 
Elliot, Geo., & Co., Ltd. 

Ellison, . np 
.. Led. 


, Led. 


Ferguson Bros. (Port “Glas 


gow Q 
Firth, Thos., &Sons, La. 39% 
Fleming & Ferguson,-Ltd. 
Fletcher,George,& Co.,Ltd. 
Foster Bros., Ltd. 61 
Fowler, John, &Co. (Leeds) 7. 
Fuller, Horsey,Sons& Cassel! 
General Electric Co., Ltd. 
Gibbons Bros., Ltd. 

Gilkes, G., & Co., La. 
Gilman, Frank 

Gladstone, Ltd. » ee 
Glasgow Rly. Eng. Co., - ta. 
Glenfield & Kennedy, | 
GlobePneumaticEng. Col. La. 


Boiler &Crank Co. 3 





Co., 


} Cowans, Shetden, s Co.. 


Grieve, John, & Co. . s 
Griff 


BrsasaoSS2S-4.SSSR8Ra 


-o 


Pa 
Guest & Chrimes, os 


Hands, John, & Bones Lia 
Hart, Thos., Li 
Harvey, G. & A 


. Ltd. 1 
—- A. & 0o,(Lond. , 
1 


a ‘Foundry. & Eng. 
Co., Li 
Hawthorn, iB aW.. Leslie 
& 
Hed ‘Wrighteon & Co. 


1& 58 


at. KN & Glass ee 
Henderson, J. M., & Go. : 

Hendry, James, Ltd. 

Herbert, Alfred, Ltd. 


Heywood, 8. H., & Co., Lita. 
Hick, 


Hargreaves &Oo,, ‘Ltd. 
Higginbottom & Mannock 
Highfield Gear Cutting Co. 
Hoffinann Mfg. Co., Ltd. . 


Hollingdrake, Henry& Sons 
Holman 8 


Hooper & Weyman oe 
Hope, Henry, & Sons ee 
Hopkinson, J., & Oo., = 
Horne neering Co. 
Howell & Co., Ltd. 
H 


udson, Thos., Ltd... .. 
Hudswell, Clarke & Ce,, 14. 7 


Hughes & Lancaster. Ltd. 
Humber Graving oo and 
Engineering Co.. 
eaeieastiensed Ltd. 
Hunslet Engine Co., Ltd. 
Hunt, Thomas, &Sons . 
Hurst, Nelson & Co., Ld. 
Hyatt, Ltd. ° 
Igranic Electric Go.. Lea. 


Improved Metallic PaintsLA. 
Incandescent Heat Co., Ia. 





ytic 


Plant Co., Ltd. 


on 
90 
91 
19 
7 


84 
17 


85 
19 
ty . 
4 | Kirkstall Forge Co., —_ 
Kitchen & Wade es 4s 


Knor les, G@. P. .. 
Lancaster & Tonge, Lia. 
Lea 


jer Co., Ltd. 
Leathers 00. (Alt), Ltd. -: 
Leeds Eng.& Hyd. Co.,Ltd 
Lees, T. 
Lidgerwood Mtg. “Oo. 
Lion Engineering Co., la. 
Liewellans Machine Co. 


Company . 
McKie & Baxter . 
MacFarlane Eng. Co. Ltd. 
Maclellan, P. & W., Ltd.. 
Maiden &Co,, Ltd. .. . 
Manchester Steam Users 

Association 
Manning, Wardle &Co.,LAd. 
Marine _— 8 h 


PAUK 
Musgrave . 
———.. me 
Musgrave, John, & Sons, 


Napier Bros., ‘Lea. 

Newton, Bean & mitchell 

Newton, Chambers 
Ltd. 


Noble & Lund, Ltd. “ 
North British Loco, Co, la. 


Co, 2 


Scott, Greenwood & Son . 
Scottish Stamping & Eng. 


88 
17 


Shanks Thomas, & Co. 

Shaw, W., & Co.. 

Shepard Electric Crane and 
ist Co, . 


a Thos., & Sons, Ltd. 
Siebe, Gorman, & Go, Ltd. 
Simon-Carves, Ltd. . 
Skinner Chack Co. 
° Smeth wick stamping Co., 
Paul, Matthew & Go., Ltd. 
Pearn, Frank, & Co. Ltd. 
Peckett & Sons, Ltd... 
Pegler Bros, &Co. (@iae )Lta. 
Petters, Li 
Phillips, Trevor Ww. 

, R. ¥., & Go., 


Ltd. 
Smidth, ¥. c. & ©o., 
Smith, E. J.. 
Smith, T., & ‘Bons (Rodley), 


Smulders, AY 
Somers, Wal 
Spencer- 
Spencer, John, 
Standard & ‘Gewald Stott 
Standard Piston Ring and 
. Co., Led. . 
Steam Fittings Co., ia. 


Steel Co. of Scotland, Ltd 
Stee] Construction Co., Lil. 


‘Lea 


ia. 
Piggott, Thos., & Co., Ltd. 
Platt, Samuel, Ltd. oe 
Player, W. & J. ée 
Pott, Cassels & Wills 


{Envi 








vests anstaanattbee fz 





Ltd. we we ‘wt. Be 
Marshall,  Sentas 6 & lon ° 
Lta ° 


Morris, Herbert, Ltd. 

Motherw 

Mountford, Fredk.(B’bam.) 
Ltd. 


Mumford. A @.. Taai, 24a 


BEE SB SS8-S28 B 


Stewart, Duncan, &Co.,1A 
Stewarta & Lioyds, Ltd. 1 & 
Stone, J. B., & Co., Ltd. .. 
Stone, J., & Co., 5 
Stothert & Pitt, Ltd. 
Sturtevant Eng. Co. 


ReidGearQo. .. .. .. 68 
Reyrolle, A., & Co., L4. 17 & 90 
Rhodes M’facturingOo.Ld. 10 
Richardsons, Wes: , Ltd. 
85 & 
~~ Motors, Ltd. 
ron, os., & . 
pe nn 7, a’ Sons, 


85 
Ritchic-AtiasBugineeri 4 
eye Thos,, & Son, 


td. 
| + & Russell, Ltd... 
Rownson Drew & Clydes- 
dale, Ltd... 22 «2 « 
Royce, Ltd. .. 
Royles Ltd. 
Russell, G., , & Oo., Ltd. 
Russell, John, & Go.,LA. 





Sutcliffe Bros. & Bryce, 
GBi EAE. co ce ss os 
84 | Taylor & Chalien, Ltd. 
1 | Telephone ody aa. 
Tag | Thomas & Bishop, L 
l 


ti, 3 


Pace 


ter, Ltd. 1 
Bonecourt Ltd, 7 & 73 
5 


7 
32 
12 
66 

4 


. 85 


70 





Paes 


Thompson,John(Wbhamp un) 
. oe ee co 
Thornyeroft, John [.,& Oo., 


United Water Softeners,La. 
Universal Valve & Chemical 
Accessories Co. Nie 


Gear | 
Vickers Limited .. ‘as wa 
Vickers- Petters, Ltd. 
Victaulic Co,, Ltd, .. 
Vogt & Maguire 
Vosper & Co., Ltd, 
Wadkin& Co. .. 
Wallwork, Henry, & Co., 

Ltd. 


Ward F., . * Savage, Lia... 
Ward, H. W., & Co., Ltd. 
Ward, Thos. W.. Ltd. . 
Weir, G. &J., Ltd. .. 
Weldiess Chains, Ltd. 
Wells, A. C., & Co, .. 
WerfConrad . 
West, H. J., & Co., Lia. 
wi house Brake and 
Saxby Signal Co., Ltd... 


4 | Westminster Tool & Elec, Co. 


e2 | 


s ) 


Wharton, H., Led. 
White, Jacoby & Co., , Ltd. 
White, Rd., & Sone .. 


os | Wigglesworth, F., &Co., iA. 
68) wae. James, & Bons, Ltd. 


Wilson, William, & Co. 


Winn, Chas., & Co., Ltd. 
Wood, Henry, & Co., Ltd. 
Woodite Company . 
Worthington- Simpson, La. 
Wright, Alex., & Co., 
Wright's Forge & Bug. oo. 
Yarrow & 

Yorkshire Bagine Co. , Lea. 


Suessces-..8 


3s 
Sa 


2.85 











dose 82092-2e 8882058 8-5~248228 


nm, Chas., & Co., Ltd. 
Grover & Co., Li 


ES 


wy Bros. ‘ision. 
So., Ltd an .. 71 | Cradley Boiler Co., La. Jenkins, Robt., & ©o., La. Murray, MeVinne & Co. , Ld. Ruston & Hornsby, Lé. . 2 5” ee ‘oungs .. 




















**PENBERTHY” PATENT 


INJECTORS 


AUTOMATIC RESTARTING, 
also AUTO-POSITIVE, 


For low, medium and high pressure 
boiler feeding. Reliable and efficient. 


LARGE STOCKS 
—All Sizes. 


**WILLCOX” 
HAND SEWN 


LEATHER BELTING 


Made from centres of fully- 
stretched prime selected 
ox hides in our own factory. 




















HIGH GRADE 
LUBRICATING OILS 
anp “FISKE” 


retrotrum sas: GREASES. 
ENGINEERS’ STORES 


including Semi-Rotary “‘ Patent” 

Pumps, Wirebound (non-rubber) 
Hose, ellar &c. Drainers, 
Packings and Jointings, Tools, 





Brass REGRINDING, 
Guiope, GATE, and 
** COMPODISK ” 


VALVES 


Superior in design, 
material and 
workmanship. 


Also Hair, Cotton, Balata, 
&c., BELTINGS, 
and 


Willcox “Balatite” (reg. 
trade mark) Balata 
Belting. 


Cc. 
LET US QUOTE FOR 
YOUR REQUIREMENTS. 


W.H. WILLCOX & Co., Ltd. 


32 to 38, Southwark St., LONDON, S.E.1. 
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GEORGE ELLIOT & CO., LTD., 


MAEERS OF ALL DESCRIPTIONS OF WIRE ny 
MANUFACTURERS OF 


LANG'S LAY WIRE ROPES 


: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 





LANG'S LAY WIRE ROPE WHEN NEW. LANG’S LAY WIRE ROPE WHEN WORN, 


od 














Machine Cut 


GEARING = 


and 
SPUR, BEVEL, WORM 
d SK 


Complete Gear Installations Pak ork 


[ TD. 
ENG. 


Croft’s Bevel Gear, Right Angle 
Telegrams: CROFTERS, Bradford. 


We are +E in High Class 
Machine Gearing and have 
recently published a Catalogue 
dealing with Machine Cut Gears 
and Complete Gear Installations 
Applied to Power Transmission. 
The contents illustrate our 
various manufactures in this line. 


Write for 
Crofts 1923 
Gearing 
Catalogue. 


Drives and Gear Boxes. 

Worm Reduction Gears. 
Complete Gear Installations and 
Gear Mountings for ALL Powers. 
Various CROFT'S SPECIAL- 
ITIES, Etc. 

Our Gear Plant is Absolutely 
Modern and a thoroughly reliable, 
efficient job is assured if Croft's 
manufactures are installed. 


GEAR CUTTING A 
SPECIALITY. 


CROFTS 


ENGINEERS 


BRADFORD, 


Telephone: 4901 (4 lines) 


Leadon Office—46, Cannon Street, E.C. 4. Manchester Office—42, Deansgate, 
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HFrnpAM Ho +n atte avant. ¥ LOK'D-BAR > eek a i r E/ 
BERNERS SF LONDON, |, JOINT SMETHWICK, 


STEEL CASTINGS up to 6 TONS each. 


To any reasonable specification. 


aso MALLEABLE IRON CASTINGS. 


THE PARKER FOUNDRY C® L™- DERBY. 








F.L. SMIDTH & CO. LTD. 


Consulting and Contracting Engineers, 
mmestrom oon 20 ESSEX STREET LONDON W.C. 2. ss conmencsm. 


Associated with F. L. Smidth & Co., Copenhagen. 
ENGINEERING WORKS AT LUTON, COPENHAGEN, NEW YORK. 


PORTLAND CEMENT WORKS. 











ROTARY KILNS CRUSHERS 
whieeeiac ROLLER MILLs|| 
esailabeshase ce KOMINORS | 
SHAKING CONVEYORS 
TUBE MILLS | 
EXCAVATORS 
EXILOR PACKERS STEEL BALLS | 
BRICK-MAKING CYLPEBS 
MACHINES FLINT PEBBLES 
Interior of the}Kiin House in a Portiand CementsWerks. 641 


Two Rotary Kilns 250 ft. long. 


We have supplied 40 ROTARY KILNS for burning cement in Great Britain, The Dominions and Colonies, 
and more than 300 ROTARY KILNS to our patents are working in all parts of the world, producing about 
8 million tons of cement per annum. 


Own trial plant and laboratory for all preliminary examinations and tests. 











CA 


l 





RO 
——— 
—— 
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DREDGING PLANT. 


TO THE LARGEST DIMENSIONS AND CAPABILITIES, 








-% cig ~ 
ig PATENT CUTTER HOPPER DREDGERS 
ey ; ror i To discharge into their own ee ~ into barges alongside, or ashore through 
juve. 2 Peers 4 = floating pipes. 











Vit tae FLOATING CRANES. 
euaues ROCK BREAKING PLANT (UNDERWATER). 


Hopper Barges, Screw Steamers, Side and Stern Paddle Wheel Steamers, 
Tug Steamers, &e. 
New Buckets, Links, Pins, Gearing, &c., supplied for existing Dredgers. 






































SHippuiLDeRs AND Engineers, PAISLEY, N.B. Od, 1268 

London Office: 91, VICTORIA ST., WESTMINSTER, S.W. I. Established 1878. 

=—— — — — a 

TELEGRAMS: 
SANDS, COLWICK, CRANE GIRDERS, 
NOTTINGHAM. BRIDGES, 
TELEPHONE: = = ROOFS & STEEL 
Tue a . Ma a | FRAMED BUILDINGS. 

GEO “~SANDS & SONS, LTD. COLWICK, NOTTS. = 














THE BRITISH SPECIALISTS. (ON ADMIRALTY WAR DEPT. ANDCOLONIAL LISTS 


HYDRAULIC LEATHERS 


LEATHERS COMPANY LIMITED ALTRINCHAM. 


YOUNGS, Sikiincaam. “°"* 


HYDRAULIC TOOLS & ‘& LIFTING TACKLE. 
| WRITE FOR 


RON HALEY JACK. JIM CROW. CRAB WINCH. 


a 























DUPLEX LEVER PUNCHING BEAR. HYDRAULIC JACK, 

















NESTOR [aero ae RUNWELL) 
SPECIALITIES. 








IRON BODY GATE VALVES, SEMI-ROTARY PUMPS, 
BACK PRESSURE VALVES, C.l. SECTIONAL TANKS, 
REDUCING VALVES, EXPANSION JOINTS, 
STEAM TRAPS, SUCTION STRAINERS, 
GREASE SEPARATORS, HEATING UNITS, Etc. 


TESTED TO CUSTOMERS’ REQUIREMENTS, 


ASHWELL & NESBIT, Lt” 











DURABLE. LEICESTER. 





RELIABLE. 

















FLEMING & FERGUSON, LTD., 
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Mandling 


IT IS FALSE 


economy to 
buy CHEAP 
INEFFICIENT 
Pulley Blocks. 


It is also 
DANGEROUS. 


The BEST 
PAYS in the 
long run, 
and that———— 
is the only kind 
we build. 








Ve 


ey, Yucalits! 
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ROBERT DEMPSTER 


Yorks. 
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— TELEPHONE... NEWARK 6! 


=THE FARRAR BOILERWORKS LIMITED= 
NEWARK= 


—— TELEGRAMS.."FARRAR NEWARK” ar ee 
e 1887. c 








Oo. IsL.B.R’sS 
IMPROVED TUBE WELL & DRIVING APPARATUS 


As supplied to H.M. War = Office and other Governments. 


Rapid System for obtaining 
Large or Small Supplies of 
Water from ‘‘Alluvium ” 
or soft formations, of 
through Rocks or Solid 
Formations. 


Any kind of Surface Pump- 
ing Machinery and Power 
is adaptable. 


These Tube Wells were 
extensively used in 
Abyssinia, Egypt, Mesopo- 
tamia, and by our Expedi- 
tionary Forces. 


Series of ‘*Tube Wells” 
can be coupled together, 
enabling Large Supplies of 
Water to be drawn from 
extensive areas. 











CISLERa C? 


No better 
system for 
Irrigation can 
be adopted, as 
the outlay is 
moderate and 
the results are 
obtained expe- 
ditiously. 





C. ISLER : & CO. Ltd. ‘Artesian ad Contatng 
ARTESIAN WORKS, BEAR LANE, SOUTHWARK STREET, LONDON, S.E. 1. 


CONTRACTORS TO H.M. WAR OFFICE ADMIRALTY, 
CROWN AGENTS, INDIA OFFICE, &c. 1057 
Telegrame—" /SLER, LONDON.” Reaten=itle 4460 (3 lines). 


BIRMINGHAM : 88, Summer Row. LEEDS: 210, Watumcron St, And at LIVERPOOL 
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“K. & W.” RADIALS ror ALL DUTIES. 


ILLUSTRATION OF OUR GIRDER & BOILER SHOP 
MACHINE, MADE WITH A VARIETY OF DRIVES (NO. 4 
SHOWN) EITHER BELT OR ELECTRICAL, FROM 4’0” TO 
8’ 0” RADIUS. FROM 1 TO 8 SPINDLE SPEEDS, AS 
SHOWN, WITH BOX BED, OR WITH LOW BASE- 
PLATE, TO SUIT YOUR REQUIREMENTS. 














It will pay you 
to investigate 
Our Claim. 


A THE STRONGEST 

~ RADIAL OF ITS 

TYPE IN THE 
WORLD. 


May we send you 
full details? 


GET A 


s . 


9901 


BEDFORD:-ENGINEERING 
BEDFORD C OMPANY ENGLAND. 
* : A 


oIsTS 


This Type D Electric Hoist can 
sors. «CC be hung in place of a hand chain 
block, and do the work five to ten 
































times faster—Our Catalogue 43, free ‘ Wire; KAW, HALIFAX. 
—Also ask aboutour NORTHERN Gibbet Street, ities. dnt 
Thy a HALIFAX. -_ INTERNATIONAL. 


NORTHERN ENGINEERING WORKS, 


SOUTH CHENE ST., DETROIT, MICHIGAN, U.S.A. =. 


Citroép Cars 


are reliability itself. 


In certain plants, the failure of one 
machine—a pump, air compressor, or a 
winding engine——may result in dis- 


























PLAYER'S 


Patent Pneumatic 


POWER HAMMERS 


For Forging, Planishing. Rivetting, 
Sheet Metal and Panel Beating, 
Swaging, Drawing Down, and for 


all Purposes. 
SEE LISTS GF/O6, AP/O6, PH/08, 











| ROWE RLRE Sa 5 UBER LIS REE LREIS EEBELA ILE GRADE DEED EIDE. BRE ALEEES ALLS ARI EL LEL LEE 














locating the entire system. 

When important machines of this 
description are gear driven Citroén 
Gears should be specified: They have 


an ample factor of safety. The teeth 
never break, and even after long years 
of hard service show no appreciable 
signs of wear. 


We manufacture spur and bevel gears to transmit up 
to 10,000 HP. and over. Ask us to quote you, and to 
send the Citroén Gear Catologue—the finest issued. 672 





THE CITROEN GEAR CO., LTD., 
22, Buckingham Gate, London, S.W. 1. 


WW. a J. PLATIAUR, 
Smithfield Works, SHERLOCK STREET, 
BIRMINGHAM. wena 





SWAGING HAMMER. 














List AP/O6. Telegrame—METHOD, B'HAM. Telephone—MIDLAND 403 








(WE BUILD STEEL BUILDINGS FOR EVERYTHING AND 
MAKE EVERYTHING FOR BUILDINGS. 


YOU WILL FIND OUR NEW PUBLICATIONS 


Dealing with such Products as our— 


STEEL STRUCTURES. STEEL ROOFLIGHTS. 
STEEL STORAGE BINS. STEEL BARROWS. 
STEEL WINDOW SASH. STEEL TANKS, &c. 


OF REAL SERVICE IN YOUR DEVELOPMENT SCHEMES. 


F. BRABY & Co., “ciascow. 


Also Works at— 














170 
LONDON. DEPTFORD. LIVERPOOL. BRISTOL. FALKIRK, 
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A. F. SMULDERS, BOILERMAKERS 


GRACE-BERLEUR-LEZ-LIEGE (BELGIUM... 














yale 


STEAM BOILERS 


F ALL SYSTEMS AND POWERS. 






























(MARINE—LOCOMOTIVE—INTERNALLY FIRGO—MULTITUBULAR, ETC.) 
OF ALL POWERS COMPLETE AND IN STOCK. 

° \e) 

P.!] 
: 02 POSITIVE 
< zZ y mm is shown in our litera- 
2 a ture of the following 
= oO m ” vital features :— 
” -- 2 “* American ”’ steel split 
ad ro) 3 w pulleys :— 
oj m 1. Largely reduce 
S a. |] oO erection costs. 

a. mc 2. Save power. 
rr) Pp 
O< Um 3. Run truly at 
Sz > 0 much higher speeds 
TT ©] 4 than all others. 
a 2 = 4. Combine _light- 
@) r a ness with strength. 
4) x 
807 
AND CONSTRUCTIONAL ENGINEERING WORK OF ALL KINDS. 
TANKS—PIT-HEAD FRAMES ; ; 
RIVETED GIRDERS—CRANES-LIFTS, Erc. , Ent 
PE ea we ro ES SHES 8 




















7X TANKS. 


We have an efficiently equipped plant for all 
} classes of welded work, particularly Tanks, The illus- 
tration shows a Welded Steel Tank 10 ft. x 10 ft. x 10 ft., 
capacity 2600 gallons. We have made Tubular 
Transformer Tanks as sthall as 24 ins. x 24 ins. x 36 ins., 
and up to 15 it. x 6 ft. x 7 ft.; also plain Electrical Tanks, j 
Switch Boxes ; Storage Tanks, circular and straight-sided, 
up to 5000 gallons, for water, petrol, oil. Galvanizing Vats, 

Hardening Pots and Steam , ; , 
| Jacket Pans. Welded work Our work is of high quality 
copper work f and prices are reasonable ; 

Collieries, Engineering and let us quote you. 

( hemical. Plant. 


Robert Jenkins & Co. Ld. 7 
Steel Pressings. Rotherham. 





615 : 


Rhodes iic’ina Shaper 


The finest little machine of the kind 
ever put in my shop—accurate beyond 
all expectations !” 








—Verdict of a user after one ; 
year’s experience. 


WRITE FOR ILLUSTRATED CIRCULAR 


CHARLES CHURCHILL & CO., LTD., 
9—15, Leonard Street, ae 
LONDON, E.C. 2, ENGLAND. _— age oem 
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The New Engine, 


THE WILLING WORKER, 


Fixed or portable unit. 


PITTED with a car type magneto and car- 

burettor, this 3 B.HP. Paraffin engine will prove to 
be a revelation to those used to the usual engine of this 
class. It has a special patented easy starting device, and 
patented magneto drive; fully water-cooled, sensitively 
governed and with but one control, it is entirely free from 
mixing valve screws and other fiddling gadgets. 


For illustrated descriptive folder, write : 


DRUMMOND BROS. Lr, 


Engle Works, Guildford. 




















a o> 4 + ¢ 


“ ye ane 


1) CONDENSERS 


SURFACE AND MULTI JET 


FITTED WITH 


THE HICGK-BREGUET EJECTAIR 


(PATENTED) 
FOR HIGH VACUUM. 


We specialize in the design, lay-out and 
manufacture of High Vacuum Plant. The 
Hick-Breguet System is established as the 
most stable and efficient, combined with 
the lowest operating cost. The services of 
experienced engineers are available, free of 
charge, for advice in connection with new 
installations or modifications to existing plant, 


HICK, HARGREAVES 
& CO., ILTD., 


BOLTON, Established 1832. ENG _ AND. 


ewe {i HICK, BOLTON Feleghone { Beceem 
resses ‘ UMSHAWVAPO, ‘FLEET, LONDON.” London—8288 Central. 


LONDON OFFICE :—90, Temple Chambers, Temple Avenue, London, E.C, 4. 9804 


Telegraphic Codes: A B C, Fifth Edition, A1 (1888), Western Union (Universal Edition), 
Lieber's Standard. 
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EXCEPTIONALLY QUICK 
DELIVERY GIVEN FOR 


FINISHED CRANK 
SHAFTS, 
PROPELLER SHAFTS 
with Continuous Gun - Metal 

Liners complete, and 
STERN AND RUDDER 
FRAMES. 





“HALLGIDE” 







CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, ard other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of Home 
and Colonial Railways. 

TYRES.— Locomotive Carriage and Wagon, to all requirements. 

SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY «SCOTLAND 


LIMITED. 





STEEL AND IRON 


FORGINGS 


UP TO ANY WEIGHT. 





SPECIALITIES :—REPAIR WORK OF 
ALL DESCRIPTIONS, ALSO FINISHED 
HOLLOW CRANK AND LINE SHAFTING 
FORGINGS FOR TURBINE ENGINES 
(WHEELS, SPINDLES, DRUMS, &c.), 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 






TeELecRAPH 
ADDRESS 


“STEEL” Giascow. 


8314 





PATENTEES OF THE ‘“‘ WEDGWOOD” 
PATENT VERTICAL INTER LOCKING 
SCARPHED JOINTED RUDDERS. 








JOHN RUSSELL & CO., LD. 


—_ WW AIS A X.X:. 


LAPWELDED AND SQLID- DRAWN 


FOR FULL PARTICULARS PLEASE 











WRITE: 
Tf DENNYSTOWN FORGE .o. 
FOR LOCOMOTIVE AND OTHER BOILERS DUMBARTON. ni 
CON ERAL, SGI BERING PURPOSES ON ADMIRALTY, WAR OFFICE and CROWN AGENT'S LISTS. 








LONDON OFFICE: NEWCASTLE OFFICE: LIVERPOOL OFFICE: 
39, VICTORIA ST., 24, DEAN STREET, 26, AFRICAN HOUSE, 
WESTMINSTER, BELFAST OFFICE: and 

S.W. 1. 101, BRIDGE END. 6, WATER STREET. 














WESTOOL 


ELECTRIC TOOLS. 
Rlectric 
Blowing 







UNIVERSAL 
SEND YOUR ENQUIRIES MOTOR 
FOR :— CALORIFIERS OF ANY SIZE FOR wound for any 
ANY PURPOSE; FOR USE WITH eT 
TO:— EITHER LIVE OR EXHAUST STEAM 
, 0., D. 
WRICHT’S FORCE & ENGINEERING C™L" 9!) THE WESTMINSTER TOOL & ELECTRIC co, 


eet oo Wall. Ti PTON, Staffs. Ooms WESTOOL WORKS, Put y B. Rd., LO N, S.W. 15 
WIRE—Forgings, Tipton ridge , NDON, . 


AND 
Penetration, Stock, London. 57, Bishopsgate, LON DON, E.c. Telegrams : WESTOLELCO, PUT, LONDON. Telephone: 1179 POTNEY. 
GLASGOW OFFICE: 72, Waterloo Street. Send for List No. 93/1. 
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A Unique Offer 
Backed by the Name— 


JENKINS 


The advantage of Valve buying by name is shown 
by our guarantee. Examine it at your leisure 
on Page 5 of our Catalogue. It reads: “If you 
will put a ‘Jenkins’ Valve on the worst place 
you can find, where you cannot keep other valves 
tight, and if it is not perfectly tight or does not 
hold steam, oils, acids, water or other fluids longer 
than any other valve, you may return it and 
your money will be refunded.’’ 


This is a perfectly genuine offer made to all 
buyers of Jenkins Valves. Note that there are 
no saving clauses. Ifa Jenkins Valve doesn’t 
do what it should do, it is easy to get your 
money back. That’s straight business on a 
straight Valve, and it speaks volumes for 
Jenkins efficiency. Have you studied ‘Valves 
through the medium of our 


72 - Page 
Catalogue 
FREE. 


JENKINS BROS., LTD. 


(Dept. 1), 


Kingsway, LONDON, W.C. 2. 
MONTREAL, CANADA. 





Fig. 106. 
Gunmetal Globe Valve— 
over so years’ experience of 
valve manufacture has made 
this Jenkins 106 perfect. 
Fitted with Jenkins original 
renewable disc. All parts 
standardised and perfectly 
interchangeable. Suitable 
for 150 lbs. steam pressure, 
250 lbs. water pressure. 


6, Great Queen St., 


WORKS: 
527 





TAO, 


hin neatidinoenamieneeediliil petites 4 


ey. 





OIL L_ STORAGE 
TANKS. 


The Storage of Oil is a _ subject receiving close 
attention from all users. 


Our unique experience in the manufacture of tanks for 
this purpose enables us to give practical assistance to 
those concerned with storage. 


Write specifying your requirements when we shall be 
pleased to quote. Illustrated List 252 sent on application. 


Departments :—Tank Making, Engineering, Metal Perforating, 
Galvanising, Wire Weaving and Sheet Metal Tools of all 
description. 











5 ae G AHARVEY&C tonal’ soo 


G lines). OOLWICH RD.. LONDON Char, London. 
































HEATING 501, -T, 
Stockton-on-Tees. 


GAS PRODUCER PLANTS 


WITH AND WITHOUT 


BYE-PRODUCT RECOVERY. 


MOND AND LYMN SYSTEMS. 





OTHBR SPECIALITIES :— 
Mechanical Gas Producers. 


Suction and Suction Pressure Plants. 
“Water Gas Plants. 
_Gas-Fired Furnaces. 


Static Gas Washers and _ Reaction 
Towers: 9184 


Benzol Recovery and Rectifying Plants. 





THE POWER-GAS CORPORATION, LTD.,. 


PARKFIELD WORKS, STOCKTON-ON-TEES, 














Pneumatic 
Power 





Hammers, 

















Si 
Drop Stamps, 
etc., etc. 
RM 
Si 


MASSEY STEAM HAMMERS. 


‘ ‘ Arch F 
Illustration shows a 60 cwt. forging hammer. i diesenes. 


NOTE :— - oR 
The Ball-End Connéction between migey Type 
Piston Rod and Tup. - 

@. The Adjustable Slides. os Overhanging 


Form 
@, The Handworked Expansion Valve- with Slides. 
gear, which gives better control and 








Pe 
reduces the Steam Consumption. TAMMERS ote. 


B. « S. Massey, 


MANCHESTER. Limited, 






































HOPKINSON’S | Atousan EDMESTON « SONS, 





[VALVES 





PATENT FRIGTION CLUTCH. 


300,000 HP. IN SUOCESSFUL OPERATION. 





HIGHEST 
PRESSURES 


HIGHEST 
TEMPERATURES 





895 


Double Seated ‘Centre Pressure ”’ Stop 
Valve for 10,000 Kw. Steam Turbine. 


J. HOPKINSON & CO., LTD.., 
Telegrs HUDDERSFIELD. soatglephone: 


** Hopkinson, ~ sfield.” 
A598/1127 LONDON: IMPBRIAL HOUSE, KINGSWAY, W.C. 2. 
Telephone : 705 Regent, London. 








Telegrams: “‘ Valvestem, "Phone, London.” 





INVALUABLE FOR DRIVING: 
Mining Machinery & Haulage 
Saw Mills, 
Electric Light and 
Power. 


Concrele and Brick-making 
SS Machinery, Flour Mills, 
me, =: Textile Machinery, 
Generally, 










FOR 


STARTING 


GAS 


& OL COUPLING 
ENGINES. SHAFT-ENDS 


wore: GENERAL MACHINE PLANING 
UNDERTAKEN FOR THE TRADE. 


FOR 





























ntemmimeneiened 





CEORCE FLETCHER & CO., LTD. 


Manufacturers of 
CHEMICAL PLANT 
FILTER PRESSES 
EVAPORATORS 





HEAVY CONVEYORS 
MINE VENTILATING FANS 
PIT CAGES 


MULTITUBULAR BOILERS 
BALL. & TUBE MILLS 
CONDENSING PLANT 








815 





| SUGAR MACHINERY 
HEAVY ENGINEERING WORK 
CASTINGS & PLATE WORK 




















MASSON WORKS, DERBY. 










Capacity of Machine, 6 ft. by 6 ft. by 22 ft. 


POWER PRESSES 


IN 
STOCK AND PROGRESS 


We have in STOCK and PROGRESS for carly delivery, « large number 

of Power Presses, including Drawing Presses, Screw Presses, Blank Cutting, 

Stamping and Trimming Presses. The following are a few standard types: 

OVERHUNG UNGEARED STYLE A. SIZES 3, 4 and 5. 
For Blanking, Piercing Trimming, Shearing, E*c, 


GEARED DOUBLE ACTION DRAWING PRESSES. 
For Production of Seamless, Drawn Hollow-ware. 
Punch Stroke 16 in. Drawing 63 in. deep. 

















Size 5. 


DOUBLE SIDED UNGEARED PRESSES. STYLE O. 


Sizes 2, 3, 4 and 6. Fitted either with or without Side Shears. 
For Clipping and Trimming Hot Steel Stampings, 








OPEN FRONT UNGEARED PRESS. STYLE B. 
Standard Size No. 3. . 
OPEN FRONT GEARED PRESS. STYLE L S. 


Standard Size No. 4. 


PATENT PERCUSSION SCREW PRESSES. STYLE H F P. 


Sizes 3, 6, 10, Heavy Narrow Frame Type, for production of 
Hot Pressings in Brass and Yellow Metals, also Bending, Forging 
and Stamping Operations. 


DOUBLE ENDED PRESSES. STYLE A D. 
Size 3. Fer Punching and Cutting, Trimming Stampings. 
Numerous other Presses in Hand, Write for New Catalogue, 


JOHN HANDS & SONS, LTD., 


ENGINEERS, CARDIGAN WORKS, /RON FOUNDERS. 
PHONE: CENTRAL 3282 (TWO LINES). BIRMINGHAM. 


WIRE: MACHINERY, B’H 


925 























Es 
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ks SMOOTH- ON 


TRADE- MARK 


[IRON CEMENTS 


Make permanent repairs of steam, water or oil leaks 
on iron and steel castings, boilers, engines, tanks, etc. 
Every Engineer and Foundryman should have a 


copy of our new 144 page illustrated faabaalicn 
Book. 


It is free 


WALTER P. 


8, White Street, 


NOTCUTT, LTD.. 
Moorfields, London, E.C. 





Large stocks on hand ready for immediate delivery by 
Lonpon. 


Messrs, F. A. PULLEN & CO., 


58, Harleyford Road, Vauxhall, S.E. 11. 


BUCK & HICKMAN, Ltd., 2/4, Whitechapel Road, E. 


LIVERPOOL.—Mr. JOHN TAYLOR, 10, Strand St. 


6108 


MANCHESTER. 

A. DAWES & SONS, Ltd., 131, London Road. 
FRED T. HILTON, 9, Hardman Street, Deansgate. 
HULL.—J. P. MOFFATT, 4544, Anlaby Road. 
CARDIFF .—A. E. SMITHSON & CO., West Bute St. 


SHEFFIELD. 
Messrs. senha mt BERING CO., Ltd., 


GLASGOW. 
er Ne McLEAN & CO. 


09, Main Street, Bridgeton. 


BIRMINGHAM. 
Messrs. CLARK & HOWARD, 


177, Corporation Street. 


BEWARE OF IMITATIONS. 


—_— 
- 








EAST 


FERRY ROAD ENGINEERING 


WORKS CoO., L™® 


Hydraulic Cranes and Coal Hoists, Hydraulic Presses of all descriptions 
Patent Pneumatic Grain Elevating Machinery. 





3 Tons Exrectric Mono-Rarm Crane. Rapius oF Jip 12 Fret. 
Lirr 9 FEET. 990 





GENERAL ENGINEERS AND IRONFOUNDERS, 


———_ Estimates 


Telegrams: HyppostaTic PHONE Lonpon. 





given for Rep 


MILLWALL, LONDON, E. 

















LI MELTED «wn 
“CARDONALD 3 
GLASGOW 


A Ghe Worla Renowne 
Steam Valve Specialists | 

























TELEPHONES: 
GOVAN 361 
(2 lines). 


TELEGRAMS: 
“COCKBURN, 
GLASGOW.” 















POSITIVE 
AUTOMATIC 
ACTION. 





READILY 
ACCESSIBLE. 






FEW AND SIMPLE WORKING PARTS. 


COCKBURNS’ “R.D.S.” 
PATENT STEAM TRAP. 


SUITABLE for MARINE & LAND INSTALLATIONS. 








~-—— 
ST 


VALVES “teswsén LUBRICATORS(R 
LUNKENHEIMER 
Check Valves. 


Incorporate the well known 
regrinding seat feature which 
provides a simple method of 
repairing after long service. 





Made of Lunkenheimer 
“WValve-bronze” or of “ Valve- 
iron”—materials having proved 
their durability in Lunkenheimer 
Products fer more than half a 
century. 


Horizontal Oheck Valve, 
Plange Ends. 


Simplicity of design and the 
highest grade of workmanship 
are combined in these valves. 


Furnished in Horizontal, 
Angle, Vertical and Swing 
Patterns in all standard sizes. 





Bronze, Swing Chec’ Valve. 


Write for Catalogue or address inquiries to— 


The Lunken Co., Ltd., 


_ 35, Great Dover Street, London, S.E, 1, 
Factories—CINCINNATI, OHIO, U.S.A. 


Telegraphic Addresses : 
Lon Don.” “Lonxen, New Yor.” 


6969 


“ LuwKen, 





€3 OIL & GREASE CUPS -INJEGTORS - EJECTORSGS 


C01L PUMPS -WHISTLES - WATER COLUMNS & GAUGES 


GOCKS-AUTOMOTIVE ACCESSORIES 
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PRroctor’s PATENT SHOVEL STOKER 


AND 


MOVING FIRE-BARS 
Give ECONOMY in FUEL, 
Increased Steam Production, 


SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 
POSITIVE FEED OF COAL TO BUCKETS. 


Wear and Tear reduced to a minimum. Od 2945 
Write for Illustrations and Particulars. 








JAS. PROCTOR LD., “itr'teas” BURNLEY. 


SOLE AGENTS FOR FRANCE AND BELGIUM: 
The Societe des Perfectionnements a la Vaporisation, 68, Rue de Rome, Paris. 


Rees RoTURBo 


Rotary Jet CONDENSERS 


‘STEAM INLET. 





ATER 
wee ce 





REES RoTURBo Patent Rotary Jet Condenser 
and Auxiliary Lift Pump 


— MADE IN ALL SIZES — 


Efficiency Reliability 


704 














Simplicity 


The Rees Roturbo Mig. Co., Ltd. 


Hydraulic, Electrical and General Engineers, 


Hoven: Wolverhampton, engiana. 
Representatives in all parts of the World. 





NO JAMMING OF ELEVATOR. 


A. B.C. 


| hig emEDinONs: 


_ ENQUIRIES TOBE SENT TO THE ‘WORKS CHESTERFIELD 











Wri 
bra 














THE VALOR COMPANY, LTD. 


ASTON CROSS, BIRMINGHAM. 


























Registered Trade Mark. 


MAKERS OF— 


OIL CABINETS 


OIL FILTERS 


OIL DRUMS 








THE “ VALOR ” OIL FILTER. 
For oil filtration. Cleans dirty oil 
so that it can be used over and 
over again. 
Made in various capacities. 


THE “VALOR” OIL CABINET. 


The only perfect system for oil 
storage. Eliminates waste, leakage 
and smell. Made in 5 capacities, 
6 to 50 gallons. 


Both these Articles will save their 
Cost in a very Short Time. 


For Use in Factories and Establishments 
where Cleanliness and Safety are considered. 





Prices on Application— 


THE VALOR Co., Ltd. aston cross, B’HAM. 


London Office: 120, VICTORIA STREET, S.W. 1. 

















=... 
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WARMING  orxsuoes. 


Now is the time to see 
it your shop is provided 
with adequate heating 
appliances—and while the 
matter is in mind remember 
there are three reasons 
why you should install— 


MUSGRAVE 
STOVES. 


ist.—They keep the shop 
warm for remarkably 
low costs to install 
and maintain. 

2nd.—Higher efficiency 
of Workmen. 

3rd.—They have a 50 
years reputation. 5; 





May we tell you what many large 
users say of Musgrave Stoves? 





Write for Catalogue and Quotations, or ’phone to any of our 
branches to make a personal call entirely free of charge. 


Muscrave & Co., LTD., ENGINEERS, 


BELFAST. 





Telegrams :—CENTIGRAD. 


MANCHESTER: 42, Deansgate. CENTIGRAD. 
CARDIFF: 24, Queen St. CENTIGRAD. 
GLASGOW: I11, Bothwell St. CENTIGRAD. 


LONDON : Sardinia House, Kingsway. 
Codes :—Lisper’s; A.B.C., 


MUSGRAVE, HOLBORN, 


sth Edition; EnGiIngerinG TEe_eGrarn, 2nd Edition. 


WO DANGER! 
WHERE “ REYROLLE” GEAR IS INSTALLED ; 
i 





IOIOISNONOI ONO ONO} 








' wira & 

DRAWOUT BOILER PLATE § 

TYPE TANKS §& 
SWITCHGEAR AND WIDE 
FOR MACHINED 
MINES. FLANGES. 














<= “= REYROLLE== =| 


Re tana ste % es TYNE. 





Hy EREE EEE EERE EEE REE EEE EEE EEE EEE EERE PEE eel 


























J. P. HALL ®& Co. Ltd. 


ELECTRICAL AND GENERAL ENGINEERS. 


DYNAMOS & MOTORS 


DIRECT or ALTERNATING CURRENT 








STANDARD OPEN TYPE DYNAMO OR MOTOR. 9582 


FOR MILL AND FACTORY 
LIGHTING AND DRIVING 
Telephone; 300 Oldham. Telegrams: Dynamo, Oldham. 


BLACKRIDING IRON WORKS 


WERNETH : OLDHAM 











COCHRAN BOILERS 


PATENT VERTICAL MULTITUBULAR 















MADE IN 


STOCK SIZES 


UP TO 


1000 SOFT. 


HEATING SURFACE 








ACCESSIBLE 
ECONOMICAL 


WRITE FOR CATALOGUE 


LAND, MARINE, 
WASTE HEAT, Et? 





T ANNAN, 
4» SCOTLAND, 


COCHRANE. Co annan, 











ne.N°2, Asinan. 


Gelegrams, Muutituse.ANNAN’ 











CT eae oe 
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ee 


*phone ; 8200 City. 
Telegrams: 


A.P, Dept. ; 
20, Mount Street, 
Manchester. 


z 
: 
| DUST COLLECTING 
E 


‘*Simcar, Manchester.” 


OF EVERY DESCRIPTION. 





= 
Suan UU Frcs 
E 
N 1 
N 
5 V 
l ! 
R T 
I E 
E D 
Ss 


SOUAVAULUEUUUEUUEUANGUTOUEUEROOEEEOOOOOOOONEOEDONOUOEGAELUOOLOEEEOOOEOAEOOEDOOSUNEOCEOOEUOUEUORDOOGUOELOGEOODAOOOONEAEON ET OEOOENT 


Boy 





| 











PLATE HEATING AND 


Fawr 
Boiler Makers 


Press Work 


Constructional Engineers 


COAL CONSUMPTION 
1 cwt. per Ton of Steel. 


ANNEALING FURNACE. 


e 8 & 873 
Full particulars— 


THE INCANDESCENT HEAT 
Cornwall Road, Smethwick, Birmingham. 


Telegrams: “Repeat, Birmingham.” *Phone : 





Smethwick 276. 

















CARELS 


UNIFLOW ENGINE 


IS THE 


IDEAL PRIME MOVER 


FOR 


SMALL AND AVERACE SIZED POWER STATIONS. 





Special advantages 


MINIMUM of Working Parts. NO Exhaust Valves. 
MAXIMUM of Overload Capacity. ONE Cylinder only. 
MAXIMUM Flexibility. LESS Floor Space required. 


BOONOMY of Steam Consumption. 











All communications should be 
addressed to the London Office: 


CARELS DIESEL & STEAM ENGINES (London,) LTD., 


Joint Managing Directors, 
G. E. HEATH. — R. A. SERENA, 


Carlton House, Regent Street, 
Waterloo Place, London, S.W.1. 


Dieselben, Piccy, London. 


Telephone : Regent 3484. Telegrams : 








NMAVAL TYPE 


CO. REFRIGERATING AND 


ICE MAKING MACHINES 


TOR 
BATTLESHIPS AND CRUISERS. 





ee 
SBAGERS: RS. DARTFORD. D. 


SEAGERS, Lo» 











1060 


DARTFORD. 


wh / 
. ¢ 
~ fe . 
“¥ 
= 
—> 4 
| 
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HAMPTON « BEEBEE, Lm r HALDEN 
WEDNESBURY, 


SOUTH STAFFS. Drawing Instruments 


ASHERS | "=<" 



















Drawing Office Equipment 











for Engineers 











MOOT MA 





2 : Contractors 

3 of every description, and = Shipbuilders 

i IN ALL METALS = 

: AIRCRAFT, a AND : NYTHING from a small ruling pen to a weere 
z 067 = up-to-date installation of Furniture, including high- 
E re ae = speed bluesprinting machines and similar plant, 

| HACKSAW MACHINES || J. HALDEN & CO,, LTD., 
z = 8, ALBERT SQUARE, 

; HACKSAW BLADES = MANCHESTER. 

=| BRIGHT STEEL BOLTS, NUTS and STUDS. = Depots; LONDON, NEWCASTLE-ON-TYNE, BIRMINGHAM, GLASGOW 
: SQUARE HOLE GRUB SCREWS. : ap 

E BRIGHT STEEL STRIP. = Sirect, MULBOURNK. South. Africe—The Grima Hnginecring Co. Ltd., 8, Main 
= Tiscliene-- Theoret = Street, JOHANNESBURG. France—A. Deloffre, Palais de la booms, LILLE. 
: 80 WapnesBuny. “ Wasuers, ow = Argentine—E. F. Bideleux, Calle Chacabuco, 443, BUENOS AIRES. 

= = 102 

Fer TTT = leanne 








a eR A TT 
FUENEQUNAUOUOUAADOOAOADOOAENDUOADAUAUEROGEREDOOGDOOEGEOONODOOOOSEOGEOGUOELUOGONOOAREOOOEEOEOODOOOORDONERAALOEDIOOGERIAA 


FA nncaling Crane Chains 


Heavy crane chains have to be periodically 
annealed to remove strains. 






i 
“ 
om 


8 {SGM AT or "ae 


nse)! 
MMT TT SWE 
Doe 


SS) 





By using a Gas Annealing Furnace in place of a 
solid fuel forge for annealing a 400-foot length of 
chain made of 1-inch rod, a London firm has 
achieved the following remarkable result : 


UA A 


Mi 














= = THE OLD METHOD THE NEW METHOD 
= _ Solid Furnace Forge Gas Annealing Furnace 
Aer. Al PY When the solid fuel With the Gas Anneal- 
Save ap! forge was used, the time ing Furnace, one man 
aR 4 = ae S § : 
(3); ty of three men was mono- does the whole operation 
= = polised for several days in about six hours, and 
= _ in the operation, and __ every link is uniformly 
= SPECIALITIES. = even then there was heated and annealed. 
= FO cs soa ore = no certainty that each Gaseous fuel gives con- 
= S.S. & Sc. oes : “ Dg p) SOO = link had been properly sistently good results and 
= —— ae laa = heated and annealed. thus reduces accident risks. 


Horizontal Drilling, Tapping, & Boring Machines, 


Spindles 2”, 24”, 3”, 34”, 4", 5", 6" Dia. This is only one example of the economy of gas furnaces. For 


detatled information and expert advice on the application of 
gas to any particular process, manufacturers and engtneers are 
recommended to write to the Secretary of the undermentioned body 


eaenete COMMERCIAL GAS nd 
ASSOCIATION *Westminstee, Wi | 
D/t 


G. « A. HARVEY, Lr. = 
ALBION WORKS = 
Telegrams: GOVAN, 


“GANDAH.” GLASGOW. 9916 


HVA INIT 


| 
| 


UF. 
ie 
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20 ENGINEERING. , (DEC. 29, 1922. 


PRATCHITT [——ALFRED HERBERT LTD., COVENTRY. | — 














BROTHERS, — » 
Denton lronworks, CARLISLE. : Eis. 
PUMPING = | me 
WINDING ano 4st = , . . B i® 


HAULING li 
ENGINES | 

















BRUNDRIT 


Ses————_ PATENT —— 


Temperature 
Balance 


Ghe 
AUTOMATIC TO ALL INTERESTED IN MILLING MACHINES. 





The New Milling Department of Alfred Herbert Ltd. 


























CIRCULAT R E use 150 milling machines at Coventry on operations machine, whether horizontal or vertical, the method of holding 
for Marine & Land W which range from the finishing of repetition work to the work and the cutter used. | 
BOILERS npl-s 4 gee to the teking GE temy Siaeas cute We place our experience at the service of all interested in 
“a - — either eg or | milling or a ee the efficiency of machines 
This milli . a , already installed. Our Tool Engineering Department will 
. of is milling equipn rep s the experience be glad to advise on the machines and methods by which 
500 Sets 30 years’ continuous effort to improve the efficiency of any desired work may be most economically produced. | 
fitted for machines and cutters. ps ws consideration will be given to am aay and 
: subsequent machining operations. nguiries will recei 
ae Seadin ‘ If the work is suitable, milling is the most economical careful consideration ans specialists well qualified to odelen 
eamship Companies machining process; success depends upon the choice of the on the best current methods. 
MILLING MACHINES IN STOCK. one 
HORIZONTAL, PLAIN. HORIZONTAL, UNIVERSAL. VERTICAL —continued. 
Cone Pulley. ee Cone Pulley. in. in. in. ~ yy ste Heavy Duty. in. in. in. 
No. 6 Alfred Herbert .. 25by 8 by18 o.3Cincinnati .. .. 34byl3 byl4 
io Steen .. .. Bey § wh No.2Le Blond .. .. 28by10 byl8 No.4 ys ac, «aby l® byl4 
No.3 Alfred Herbert | 2iby 7 by16 No.3H_ ,, we 34 by 12 by 20 a Reem gtr mae . Ti aya 
No.6 yy «+ BBby 9 byl 9 -, oo, Sige be No. 22 Alfred Herbert |. 48by18 by 26 
og A on 28 by 10 - 19 AU Geared Heavy Duty. VAN NORMAN COMBINATION, 
No. 3H Le Blond.. .. 34by12 by 20 No. 2G Le Blond .. .. 28by10 by19 and a4 ad 20by 6 by 16} 
No.1Dow . .. .. 24by iby 8} No.3GH .. .. .. 34byl2 by20 DG. sc css oo Se ee < 
yng by ae? ee eee ws 
MBit oc ‘ y yi9 
All Geared Heavy Duty. VERTICAL. MISCELLANEOUS, 
No. 16 Alfred Herbert .. 34 by 13} by 20 Cone, Pulley. No. 1 U.S. Hand Mill... 16by 5 by16 
No. 22 ,, ~ .. 48by18 by 22 Tayler ... .. .. .. Sby Ssby 8} Putnam Semi-Automatic 
No. 2G Le Blond... .. 28by10 by19 No. 1 Alfred Herbert .. 30 by 123 by 20 Lincoln Mill. 
No.3GH ,, «. « S4byl2 by2n No.3 ,, * .. 3% byl2 by20 No. 1 Alfred Herbert y 
No.4GH ,, +. + 42by12 by20 No.8 ,, eo « 62 by38 by 28} Pillar Mill .. .. .. Why 3}by 8 
———-- cememeanaal neemeiemenel 














The peers 
ROCKWELL BkaAbinc 
1 Place work on 


Hardness- Tester [H== 


2 turn wheel to 6 Reed ROCKWELL 
work into Hardness Number 


of Pointer 
















4 Press Button which 
releases Major 





Ld 





S Turn Crank whch 
lifts off Mayor Load 
leaving Minor Load 
still applied 









_—_ 

a a 

k Turn Berel of Gav; ‘- 
to set Dist zero peek T 
T 

7 

a 








elevate wo it 
FFOR use on all metals, hard or soft, polished or unpolished, flat, round. | | fein end contime dani 
tubular, or odd in shape. For research in the laboratory or quantity || Tamwsiniiors: 
inspection testing in the shop. wie rs a on - 
ied 








ea Its operation is on the principle of impressing a small steel ball or a special || * 
BRUNDRIT'S T diamond cone into the work and measuring the r ~ of impression which 
—— <> TEMPERATURE BALANCE | js recorded on a direct reading dial gauge. It takes only a few seconds 
aeth veless and perfectly Automatic in |to make a test and does not mar the work, consequently it is ideal for 
ction. It starts working shortly after testing all kinds of finished parts. 
Fires are lighted and continues working 
even under Banked Fires, so long and as | We shall be pleased to!ifurnish full particulars and to arrange for a “A ROCKWELL TEST IS A REAL TEST.” 
often as the Water above and below line | demonstration. 
of fire bars varies in temperature. Can be 
fitted at short notice without drilling or 


























of RMS Fo mre Fitted to all bottlers SOLE AGENTS FOR THE BRITISH ISLES;— 
M.S.S. uttania and Maur ia. 
PURALC) a: aE a GEORGE H. ALEXANDER MACHINERY, Ltp,, 
ante Sole Patentee, MACHINERY TOOLS SUPPLIES 
pena hora COLESHILL street, BIRMINGHAM srastisneo 1600. fol Ne 
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Bridges, Wharves, Jetties, Reservoirs, 
Warehouses, Factory Buildings, etc. 


PRELIMINARY DESIGNS AND ESTIMATES SUPPLIED 
—— WITHOUT CHARGE OR OBLIGATION. ——— 





eG for 


Steam - 
Raising or 
Process Work P 


If so, you can SAVE 

from £300 to £2000 

per annum by installing 

a reliable Water Softening 
Plant. 


“The last word in scientific 
Water Softening apparatus” ts 


TO me hg? a. Pp mi ; as ¢ po eee — r? 4 Be 29 
“MOWAT SAOOA is inde so ee — -_ tit 
INTERIOR OF WORKSHOPS FOR MESSRS. HARRODS (BUENOS AIRES) LTD. tra Crmil ] 


WATER SOFTENER 

















—or Contractors to Admiralty and Colonial Governments. ga 
Offices - - 74, Victoria Street, Westminster, S.W. 1.  sscs'Vic. 169 
Branches at: PARIS, COPENHAGEN, STOCKHOLM, CHRISTIANIA, BUENOS AIRES, Etc. 

— = - —— 

















tame No. 296 Smethwick (4 Lines). THE Grand Prix, ie 


Telegraphic Address: “ Carriage,” Smethwick, Birmingham. Buenos Ayres Exhibition, 1910. 


BIRMINGHAM 


RAILWAY CARRIAGE AND WAGON CO. 


SMETHWICK. 





we AND 

















: MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS OF EVERY DESCRIPTION, Write for 1 
INCLUDING ALL-STEEL CARRIAGES. CATALOGUE “B" to 
PRESSED STEEL UNDERFRAMES, BODIES AND BOGIES. UNITED WATER 
MAKERS OF RAILWAY WHEELS AND AXLES, IRONWORK, AXLE BOXES, CASTINGS, &. SOFTENERS, Ltd., 
Imperial House, 
Sole Manufacturers of Dean & Churchward's Pateat “Eitherside"’ Brake, mInSEN AT Mego 








| and Marillier's Patent ‘Instanter" Coupling. al 








22 ° ENGINEERING, [DEc. 29, 1922. 


“ne eoero* || THE MOTHERWELL BRIDGE.CO. 
























FIRE RISK, * 





Telegraphic Address—“ BRIDGE.’ 


The Nationa! Telephone No. 40. 
iseee DOCK GATES 
Pg Xe BRIDCES, ROOFS, =< 
n AND SIMILAR 
belts nor neither 
— PIERS, TARKS, STRUCTURAL WORK. 
Prices and Partiou- 


lare from Makere— 
MURRAY, McVINNIE & CO., LTD., 
MAVISBANK, GLASGOW. 


BUDENBERG “setter i 
GAUGE Co. rm BROADHEATH 


Branches: LONDON & alae. 
meme ees 

















HENDERSON & GLASS, 
LIVERPOOL. 


MALLEABLE TRON AND STEEL 





PRESSURE GAUGES, 


all sizes of Round, Square, and Flat Bars, Rolled —_ 
Tachometers, Counters, Ginders sag to so in. deep; ‘Tees, Angles, &c., &c. 
Dial-Thermometers, GREAT VARIETY OF HEAVY-SIZED 9183 
Test Pumps, &c, 


PLAIN AND CHEQUERED PLATES 
Boiler and Tank Plates, &c., in Iron and Siemens Steel. 


Quotations and Sections on ‘application. 
Shipment Orders promptly executed. mdence Solicited. 


ALFRED J. AMSLER & CO. 


of Schaffhouse, Switzerland 


sii fon Set TESTING MACHINES 









































for IMPACT for STATIC and DYNAMIC TESTS 
HARDNESS of WOOD and METALS. 
PRESSURE, TEMPERA a ACCEPTANCE TESTS of 
TURE and SPEED. oO 
TORSION ANCHORS, CHAINS and ROPES 
TENSION 
COMPRESSION RAILWAY MATERIALS. -~ 
BENDING 
STANDARDISING ELECTRIC INSULATORS. 
ALTERNATING CRUSHING CONCRETE 
SPRINGS up to 1,000 tons load. a = 
PRESSURE GAUGES 
and AXLE LOADS. FABRICS and BELTS. M 
Porno Write for Particulars and T. Jz. PRIMROSE (Sole Agent) E 
oe a ee Sectional Catalogue to:— 162, Norwich Road, :: :: IPSWICH. nj 



























DROP FORGINGS 

UPSETTER FORGINGS | 
| HYDRAULIC FORGINGS || 
— LET US QUOTE FOR YOUR REQUIREMENTS —— : | 

a) THE SCOTTISH STAMPING & ENGINEERING COY., LTD. © 
woune ox, sNENNE wou ccm AYR, ——— SCOTLAND. wenn 
Rh rar ae Torres eraunmnen arm. | 
LLEWELLAN'S MACHINE CO., E 
BRISTOL, ENG. 4 





VA 
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E. J. SMITH & CO., 
PARTNERS: EB, J. SMITH & G, W- BOOTH, 
Tyseley Metal Works, 
Lonpon Orrice: BALEQUR HOUSE, FINSBURY PAVEMENT, E.C. 2. BIRMINGHAM. 

2 1501 LERKENWELL. 


‘Phone—VicToria 584. 
Mancuester Orrice: CLEVELAND BUILDINGS, 94, MARKET STREET Wires—Tvserermo, BikMINGHAM, 


CAST STEEL. 


By Siemens-Martinand Crucible 
Processes of every description. 


TO PASS ADMIRALTY, LLOYD'S, BOARD 
OF TRADE OR BUREAU VERITAS TESTS 





Castings for Railways, Ship- 
bulidiag Yards, Eegine Works, 
Rolling Mills, Iron and Bridge 
Works, Hydraulic and Electrical 
Machinery, Mining, River Dredg- 
ing, Excavating Work. 








Specialities : 


TOOTH WHEELS & PINIONS 
used in connection with 
Cranes, Vas Capstans, 


c. 
Cast-Steel ANCHOR HEADS ** 
SHIP'S STERN CASTING MACHINED AND FINISHED COMPLETE. and DREDGER BUCKETS 
Fit up Complete. 


WwW. SHAW & CO., Wellington Foundry, MIDDLESBROUGH, 








Telegrame—“‘ WELLINGTON, MIDDLESBRO.” ON ADMIRALTY AND WAR OFFICE LISTS. 
London Office: 90, Cannon Street, B.0.4. - Re tative: A. H. SHARPE & OO. 
Office for Manchester and Birmingham Districts: 12, Exchange Street, chester. - Representative—THOS. F. W. DIXON. 
Glasgow Office: 4, West George Street, Glasgow. - Representatives: A, OC. LOCKE and J. G. MoUNIB. 


Agent for Leeds and District: G. G. 8. GRUNDY, 24, Basinghall Street, Leeds. 
Agent for Durham and Northumberland: G. NELSON, 109, Pilgrim Street, Newcastle-on-Tyne. 


MARSHALL, FLEMING ®& CO., LTD. 


Engineers and Crane Makers - - MOTHERWELL, SCOTLAND. 

















and Contractors, Bngineers, 
Docks, Railways, etc. 












































WELLS’ 
ACETYLENE 
LAMPS. 


AN IMPROVED 
TYPE OF LAMP 
PRODUCING A 
POWERFUL 
LIGHT FROM 
CARBIDE OF 
CALCIUM. G 
Simple, Cleaa. ~ ls 
Quickly Started. 


No. 334—50 O.P, 
© and 0a—150 


2—1500 * 
3 —2000 °” 


WELLS’ OIL GAS 
GENERATING LAMPS. 


Light from Kerosene or 
Petroleum, without wick. 


NO SMOKE OR SMELL. 













Verfect Safety. No 
kxplosive Naphtha 
used. 


fhousands Sold. 
Onaffected by wind. 
No.12 ... 3 hours, 
ey ee 

» Biw @ 


KETTLE TORCH LAMPS. 


THE MINER'S FAVOURITE. 
THOUSANDS SOLD. Noe. 


Used exclusively by De 18. 
Beers, Randt Mines, etc. 


Also largely used by 


eS 
Collieries, etc. 


LARCE FLAMING LICHT. 


WELLS’ TORCH LAMPS. 


For Sperm, Rape, Colza, or 
other heavy Smokeless Oil, 
Also used for Kerosene. 


No. 6, { pint, Hook No. 8. 
No. 5a, } pint, Hook No. 8. 
No. 58, 1 pint, Hook No. 8 


ENCINEER’S HAND 
LAMPS, sw 


For Kerosene, Petroleum, 
or Para 

No. 4 4 pint. 

No. 4a # pint. 
























No. 1 $ pint 
with brass tops 
and Valves, 


WELLS’ LATHE CANS. 


These Oil Drip 
Cans are supplied 
with best 8 
universal fittings. 
Small size, 64 in. 
high by 5 in. diam, 
Large size, 8 in. 
high by 7? in. diam. 


Midland Rd., London 
A.C. Wells & Co, StPancnas” mow. 1 

















Works Oarnarvon St, MANOHESTER. 
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UMEORD*S 


Oe 


=“ =, PATENT 
‘DIRECT ACTING 


—FEED. PUMPS ~ 


SINGLE OR IN PAIRS 
WITH OR WITHOUT FLOAT TANK CONTROL 


ee aa 1 YF INACTION e=— 
i +G—te HIGHLY EF RICE MN T.e-— 


° OQURABLE: 9 ber 






































“umes or SIMILAR TYPE ALSO 
SUPPLIED FOR 


Oil FUEL TO BURNERS 
ests FUEL TRANSFER 
-CARGO Oil 
~ FORCED LUBRICATION ETc. 


99 Sau PUMPS o+ 
~ SINGLE & TWIN TYPE 


| (AGMumford Ltd. coi cistern], 

















weery 





ij TEeLEaRAme— cae eS 
MUMFORD, GOLCHESTER]. 











TELEPHONE ‘Ne 129 





















































[VIGKERS- -PETTER OIL ENGINES 


INDUSTRIAL AND MARINE. 


SIZES UP TO 500 B.HP. 








PIONEER SEMI-DIESEL : VICKERS-PETTERS, we 
jy CRUDE OIL ENGINE. = "iii" ee bi Ra 
Low Fuel and Lubricating Oil Consumption. ° BRISTOL: 140, Victoria Street. 

| ®* GLASGOW: 163, Hope Street. 


=" LOW PRICES. QUICK DELIVERY. | DUBLIN: 30, Lower Sackville Street. 


Petter Engines are also manufactured from 14 B.HP. upwards for working on Paraffin, Petrol or Town's Gas. 
Particulars on application to Petters Limited, Yeovil. 629 











f} 
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FEED REGULATOR AND CHECK VALVE 
QN END OF STEAM DRUM 











_THEWORIDS LARGEST Bais 

















Ry frog 
£ _ © 





~ HAS BEEN FITTED TO 


ovER > BO vessens 


OF THE 
BRITISH & FOREIGN 


NAVIES2 5) o° 
FOR BOILERS AGGREGATING 
OVER 10,5 01 L000.1HP 


ALSO -to-- 
WHITE. STAR C®3:— 


R.M.S. _MAJ ESTIC’ 


‘CUNARD Ges | 

RMS. ‘BERENGARIA’ 

CANADIAN PACIFIC C2? :— 
R.M.S.EMPRESS'or AUSTRALIA 

























P & O C125 Toms 
R.MS.CAP ,POLONIO 

















dele 











OL {HIES. ER. sh J 




















VP toiighsuitt Cl 


_ SHIPLEY ~ YORKS 





2330 
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COWANS, SHELDON & CO., L° 
CARLISLE. 


LONDON OFFICE: 
8, VICTORIA ST., S.W. 


Telegrams: St. Nicholas, Carlisle. 
Telephone: 13 Carlisle. 























| ; 

| : i. 

| fe 9882 
t 


ae 
es . tals 


a. = 


MAKERS OF THE LARGEST FLOATING CRANES IN T 


STEAM & ELECTRIC. 





HE WORLD. 


PROPELLED & NON-PROPELLED. REVOLVING & NON-REVOLVING. 


HW 


























PEARN PUMPS 


for all purposes. 
Steam, Belt or Motor drive. 





DRY VACUUM PUMPS. 
WET VACUUM PUMPS. 





CATALOGUES ON: APPLICATION. 


FRANK PEARN & CO., Ltd., 


Manchester, S.E. 


Telegrams: Pumps, Manchester. 
Telephone: 2289 Central. 





HORIZONTAL TREBLE RAM PUMP, DRIVEN BY ELECTRIC MOTOR, 





GLASGOW: P. & W. MACLELLAN, Ltd., 129, Trongate, 


LONDON: 49, Queen Victoria Street, E.C. 


NEWCASTLE-ON-TYNE : 


LINDSAY & WARD, 90, Pilgrim Street. © 8461 




















im 
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STEEL A 
CASTINGS 


FOR 
ALL 


PURPOSES. 








(6). FOR ROLLING MILLS. 


SAMUEL OSBORN ®& CO,, Lien. 
CLYDE STEEL WORKS. SHEFFIELD. w 


London Office: 32, Que Victoria Street, E.C. 4. 








| Special facilities for CUTTING TEETH IN YOUR BLANKS. 








THE PRODUCT OF ad FAROSS (DBS) FACTORY 


CUTTING ONLY 


1S AT \YOUR DISPOSAL. 
LARGEST PLANT OF LATEST MACHINERY. 


QUICK DELIVERY. HIGHEST CLASS WORK. 





996 





Enquiries 
Spur, Bevel, Spiral, Double Helical, Racks, Worms ’ 


and Wheels, Single Helical and Curved Spiral Bevels. , Solicited. 


DAVID BROWN & SONS (HUDD.) LTD. 
Park Works, LOCKWOOD, Huddersfield. 





“Se 
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WORTH ; NGTON £1,000,000 going to exhaust r 


is quite an average estimate of the annual 
value of the energy which goes to exhaust 
in a 100,000 Kw. power station. 











Consequently, equipment which saves the 
biggest fraction of that £1,000,000 deserves 
your fullest consideration. 


Worthington condensing plant is world 
renowned for its high economy and reliability 
in running. 


We shall be glad to receive applications for 

























further information. ‘ai 
Branches: 
AUSTRALIA : SOUTH AFRICA : 
32, Clarence Street, Southern Life Buildings, 
Sydney. Main Street, Johannesburg. 
cad dae tA : Te! NEW ZEALAND : INDIA: 
A Worthington-Si High Duty |i ; 
a Surface ington Simpae fer 10,000 | A. & T. Burt, Dunedin. 10, Clive Street, Calcutta, 
Kw., installed at the Lancashire | 
~~ Power Cas Generating | 
station, near Manchester. 
7 ‘ WORTHINGTON~SIMPSON LTD. 
a a | Selephones ? Queens House ego ge 
ine @ ~ oes | Holborn 3048 | | KINGSWAY Pumping Westcent| 
— -3Lines—— Wesks*Newark@Lenden . ~~~ -London.- 














Dispense with clips, wiring on, spanners and special fixing 
tools, and at the same time ensure an absolutely tight 
joint by using throughout your plant the 


C.P.E. SEALER” HOSE COUPLING 


for compressed air, water, or other fluid pressure systems. 
This coupling can be fixed by hand for all compressed air 
work, and if further tightened it will stand a greater 
pressure than the hose itself. It has no serrated nipple 
and does not mark or damage the hose in any way. It is 
perfectly tight with pressure on or off, 


SI 
Ud 4 ‘KmMae | ae 
/ iL WSS ENGINEERING COMPANY LIMITED - 
UY 















Y YY aaa -1, VICTORIA STREET, LONDON, S.W.'1. 
MUU Grn 
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Hounshy* Stockport 


SUCTION CAS ENGINES & PRODUCERS. 





ECONOMICAL. 
RELIABLE. 
EFFICIENT. 


oo & 


Made in Sizes from 
8 to 340 B.HP. 


oo 9O 


WRITE FOR CATALOGUE 
No. B4213. 


Ruston « H ornsby Ltd. 


PM a Loess LINCOLN ENGLAND. a 


Lincoln 580. 
: 46, Queen Victoria Street, E.C. 4, GLASGOW : 173a, St. Vincent Street. DUBLIN: 24, Lower Ormond Quay. 























Cee ERE ARETE eth 





NO EXPANSION JOINTS ARE NEEDED 


The Victaulic joint, in addition to providing valuable 
flexibility, takes up the expansion of the pipe, 
expansion joints are thus rendered unnecessary. 


In certain applications, such as to rising mains and hillside pipe-lines, 

this taking up of the expansion of each pipe length by its own pipe 

joint prevents overstressing of the brackets or anchorages and 
permits lighter yet safer construction. 


VICTAULIC 
COMPANY Limited 
28, VICTORIA STREET, | 


LONDON, S.W. 1. 





Send or the Victaulic Catalogue, 
in which are set forth the many 
striking advantages of the Victaulic 
joint, all of real v: value to pipe users. 
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CaMPBELL 


COLD. STARTING 


HEAVY—OIL ENGINES 
HELP TO REDUCE PRODUCTION COSTS. 


The Campbell Cold Starting Heavy-Oil Engine 
runs successfully on the cheapest grades of oil fuel. 


It starts from the cold state at a moment's notice— 
there are no lamps or electric ignition. 


No water injection to the cylinder is used. 


The Campbell Cold Starting Heavy-Oil Engine attains 
the highest efficiency and guarantees the lowest 
possible running and maintenance costs. 





—_ 


a eee 


Hesiseatal and Vertical Types from 7 to 500 HP. 
Early Deliveries. Various sizes in Stock, 


9865 


Quotations and full information sent on request. 


THE CAMPBELL GAS ENGINE COMPANY, LTD., 
HALIFAX, ENGLAND. 











LONDON): 73A, QUEEN VICTORIA ST., E.C. 4. GLASGOW : 104, BATH ST. CALCUTTA : C3, CLIVE BUILDINGS. 


DAY, SUMMERS ®& CO., Ltd., 


Northam Iron Works, SOUTHAMPTON. 


Telephone—No. 48. Telegrams—‘‘ DAY, SUMMERS, .SOUTHAMPTON.” 


ENGINEERS, BOILERMAKERS, SHIP & YACHT BUILDERS. 


t 
~~ 

















| 


SaaS | 

















“saiq oid tO. nelensgxs 
Wrreesengy berebne: eutii sie etniof moiense: 






P-GU. . BOABT WY 






FOR Hone “anditeotoas nintis: 
oqiq nwe. ei xd nojenagxe ont to ap igi 

“Shs” sapien ig « eiedse Aas | o. ayes a IT2I9SVO Sipe 
Re eho: Sa ae ito ee Sees SO SR 0) ee ee 


va 
» > ae 


aonitbediq obietifi bin enign 


4 ys see yiry 
fife si Sqiq 



















« 
+. 


es ee ere 


®.S. “PRINCESS MARY.” 6658 Tons, |.HP. 1000. Designed and built by D., S. & CO., Ltd. 
$22 





Specialities :—STEAM TRIPOD TRAVERSING SHEERS (Land and Floating), and 


HAULING-UP SLIP MACHINERY. 
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To Ball Bearing Users 


Single Row Ball 


Journal Bearings 
UNBROKEN RING TYPE 











o. 
FILLING SLOT TYPE 


N_ attempt is being made to 
Single yt = Bearings ‘fs ' ~ oR 
t tter t those filling 
dome "Phas is vot con pl = Provided ‘the ber 
ings with ¢ ling slot are carefully made it 
ible to assemble them with 
eunber of tell, end Go tie Senn Game 


the unbroken type. It is important that 
this should be an 

WE MAKE AND SUPPLY BOTH TYPES, 
but d th b i 

where the bearings are lightly loaded “ands 
certain amount of axial thrust has to be carried. 


Biormang 


THE HOFFMANN MFG, CO., LTD., 
CHELMSFORD, ESSEX 4615 

















JOHN LYSAGHT. Limited. 


Bristol, Newport ({Mon.). London, 


re LONDON 

\ oa > . ALS OFFICES: 

CHIEF . oad rx ' a i AI , 
OFFICES * Zn, Pp” 7 rn. \ pow ° IMRIE HOUSE, 

ST. VINCENT’S | CF swven) anv = 33-36, 

"  |RONWORKS, = | ; ¢ : *< ae KING WILLIAM 

BRISTOL. : STREET, 

E.c. 4. 4 


Aeroplane Workshop 300 ft. by 200ft. (with North Light Roofs), desigh@d, constructed and erected by us. 


BRIDGES. GIRDERS. ,ROOVS. BUILDINGS. 


fee’ || 
ai 
| 
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— = 
Our Wide Experi 
In the course of our twenty years’ experience in steel fabrication 
and construction, almost every demand has been made on our 
resources—and has been met successfully. 
Whatever be the size or type of your requirements let us help 
you to materialize them. From the mighty lock gates of the 
Panama Canal to the simpler types of steel construction we can 
do the work, and do it right. 
Send us your plans and write for booklet No. 11. 
We Design, ) j#§§ MecClintic-Marshall Products Co. 
Manufacture s=4 Erect Works : PITTSBURGH, U.S.A. 
Steel Industrial Plants 
Railroad and Highway Bridges Foreign Contract Department, 50 Church Street, 
sees teaattiainhs NEW YORK, U.S.A. 
* Steel Storage Tanks Cable Address Codes 
tetea ten ne +, ** Macmarsh " New York Bentleys, Gereral. Western Union, Lieber 
” om Saaeee England: George A. Smith, St. Stephen’s House, Westminster, S.W. 1, 
Gas Plants and Gas Holders, Rh ssngeet we . 
Ore Bridges France : Produits Metallurgiques McClintic-Marshall, 8, Rue Edouard VII, 
Etc. Paris 
oc} South Africa: Robertson & Moss, 11-17 Trust Building, Johannesburg 
McClintic ‘Marshall China: Lam, Glines & Company, 4-B Peking Road, Shanghai 
‘ il Japan: H, E. Root, 73 Yamashita-cho, Yokohama 924 
Cuba: San Ignacio y Obrapia, Havana 
Pipe Co. Rio “2 Jenin, Holland: N. V. Olthoff’s Handelmaatschappij, Postbus 250, The Hague. 
se e , ; 
C LIC -IViarSna 
oe 
Steel Construction 
SS - —— — —_—_——— = 









































ALEX. CHAPLIN 2 C0., 
Gova n, LTD., 
CRANES GLASGOW. 
ELECTRIC Specialists 
STEAM add 
{an Crane Design 








Patent Level 
Luffing 


London Representative: 
JAS. GOLDER, M.I.M.E., 
Moorgate Hall, 
Finsbury Pavement, E.C. 2. P 











5-Ton “Chaplin” Patent Level Luffing Crane 
at Ayr. 
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UNDERFEED STOKER CO., LTD, 


COMBUSTION ENGINEERS, 





Coventry House, 
“USCO” AIR HEATER South Place, 


For recovering the heat of waste gases. London, E.C, 2 


Makers of . . 


MECHANICAL STOKERS. 


AUTOMATIC 
ASH CONVEYORS. 


WATER HEATERS. 



































PULVERISED 
FUEL EQUIPMENT, 
&c. 
1009 
A series ot elements built up to any size. 
High rates of heat transference. 
Maximum heating surface in a given space. 
Minimum resistance to flow of air andi gas. 
BOM VST VS Sb Vis Giiro! Misieidiol Wi She tro: 





RELIABLE anno EFFICIENT 


SPEED 


THE “WILLIAMS-JANNEY” VARIABLE SPEED GEAR 

PROVIDES INFINITE CHANGES OF SPEED WITHOUT 

STEPS from ZERO to SPEED OF PRIME MOVER 
FORWARD and REVERSE. 











Vis eee 













Thousands in use for many purposes including Ships’ Steering Gears, Hydraulic , i : 
P erfe ect Cranes, Winches, Capstans, Windlasses, Colliery Winders, Haulage Gears, A 1g h Star ting 
Control. Coke Rams, Wire Benches, Textile Machinery, Calico Printers, Reeling Torque. 


Machines, Paper Making Machines. 
IMPROVED HIGH PRESSURE VARIABLE DELIVERY PUMPS 
(no accumulator required) for 


Baling Presses, Testing Machines, Ram Hoists, etc 
















“Telephone? — 0 i hi fake Delegrams: 
VICTORIA Dae HA. : | VARISPEED 
“ VARIABLE i =| A 
1! SPEED GEAR L"? - = 


a -_~ 
/ 





{wa?s/ ¢ ur? 


WESTMINSTER. ¢ 
LONDON.S.W] 


SSS ee 
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THE MACFARLANE ENGINEERING CO, LTD., 


Netherlee Road, CATHCART. 


Telegrams : Telephone : 
POWER, CATHCART. 2 LANGSIDE 555. 


A.C.«D.6. MOTORS 


for 


DYNAMOS 


for 
Lighting, Battery 
Charging and 
Arc Welding. 


Boosters and 


Colliery, Engi- 
neering, and all 
general purposes, 


including :— Lift, Balancers. 


Crane, Haulage, se Motor Genera- 
75—12 HP., 1150 r.p.m., Vertical 3 phase Squirrel Cage Motors. 


(Supplied to one order.) 
Ventilation work. Work. 





Pumping and tors for Cinema 


OUR OUTPUT IS OVER 1000 MACHINES PER ANNUM; AVERAGING ABOUT 30 HP. 


Your Enquiries will have Prompt Attention. 


1077 


























-_ ~e>Henderson Overheads 


WW uuseermes a 


Works, Loed 604ons with 15tons euxiliary ; , 
Spen 67-feet 


COMPETITION! 


iw aff ( | REDUCE HANDLING COSTS 








hs Inefficient or insufficient cranes mean heavy 
the loss as compared with the best equipment 


“Henderson” synonymous with Speed, Reliability and Strength 
\ Robust Construction. 
- g ey Y f Greatly Reduced Prices. Early Deliveries, 
| : \ Our technical staff is at the of those 
. tee \ ’ dealing with mechanical problems. 


Write for fully illustrated Catalogues. 
tastend far j LONDON: BRD Rigs Soy, Telephone Gerrard 
CASTINGS 


KON Biralnghes, “Citgo ows Newenstle-co ‘Tyne, and Sbetficts: 


| & CoO. 


KINGS ABERDEEN 


elegrams: ‘Cranes, Aberdeen. — elew Be DE 3162 (3 lines). 








1. 
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MUSLKAVE 


TO POWER PLANT ENGINEERS. 








a eee af 


The “ RADOJET” is adaptable for any degree of vacuum, and can replace any type of air pump. 
SURFACE, JET and BAROMETRIC CONDENSERS for all services. 
WRITE FOR PARTICULARS. 


JOHN MUSGRAVE & SONS, LTD.. 
Globe Iron Works, Bolton, England. 


Telegrams: ‘‘ Musgrave,” Bolton. Telephone: 1882 (4 lines). Codes: ABC (5th and 6th Editions) and Al, 
—- 


Present day competition calls for HIGHEST 
ECONOMY in Power Production. 


To obtain this you must use the 


“RADOJET” 


AIR PUMP (Patented). 
(THE MASTER OF HICH VACUUM.) 





4 which will give you the highest vacuum 
* with the least expenditure. 


A few of the advantages are: 


LOWEST IN STEAM CONSUMPTION. 
NO MOVING PARTS. 

NO LUBRICATION. 

MINIMUM WEIGHT. 

CONTINUOUS OPERATION. 

NO OPERATING EXPENSE. 

NO ATTENDANCE, NO WEAR. 

NO FOUNDATION. ' oat 














(ANTHONY) 


REDUCTION IN PRICES OF ALL SIZES. 
DELIVERY EX STOCK (In FIVE STANDARD SIZES). 


FROM 100 TO 1050 GALLONS PER HOUR. 


OTHERS PENDING. 


WEMBLEY, MIDDLESEX. 











A SOUND JOB IN MINIATURE. 


Agents :— 
SCOTLAND : - - Murray Wilson & Co., 170, Hope Street, Glasgow. 
IRELAND : - - - J. H. Mackay, 13, Clarence Buildings, Linenhall St., Belfast. 
LIVERPOOL: - - Hughes & Braithwaite, C16, Exchange Blidgs., Liverpool. 


N. STAFFORDSHIRE: H. W. Robinson, 79, Thornton Rd., Shelton, Stoke-on-Trent. 


BIRMINGHAM : - - C. V. A. Eley, 10, Cambridge Crescent, Birmingham. 
HOLLAND : - - - Hoogland & Massee, Vischstraat, Dordrecht. 

ITALY : - - - J. H. Barbour, 18, Viaalla Nunziata, Genoa. 

SWEDEN: - - - Aktiebolaget Ingeniorsfirman, Titan, Stockholm. 


; Telephone : 
Tue Aster ENGINEERING Co. (1913), Lrp.. 22 & 23, Wembley. 





Telegrams : 
** Aster, Wembley.’’ 
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"A onbitbred: 
JUDGMENT ! 


The foremost Electric Motor Makers, Electrical 
Engineering Contractors, and Users of Elec- 
tricity are customers of George Ellison. 













The Motor Maker, sure of his motor, insists on 
dependable Control Gear forhis reputation’ssake. 





MOTOR 
STARTERS 





The Contractor lives on the spot and cannot 
afford to have reflections cast upon his judgment. 





The User knows that the successful operation 
of his plant depends upon the right selection 
of Control Gear. 


They..specify Ellison make 


ELECTRIC CONTROL GEAR 


because it is recognised to be the standard for 
every industrial purpose and long experience 
has proved it to be sound, simple and cheaply 
maintained. 

















~ CRANE 
CONTROL 
GEAR. 





DRUM TYPE 
CONTROLLERS 






CIRCUIT 
BREAKERS | 











Ske STANDARD FOR 
SIMPLICITY AND 
CORRECT DESIGN 
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[ARINE& MOTOR 


THORNYCROFT HOUSE. WESTMINSTER 


ne 











; 28 SEATER MOTOR COACH 
FT SMR 
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One of the Electric |] 
Locomotives built 
at the Dick Kerr Works, 
_ Preston, for the New 
Zealand Government. 
Gauge < 36: 


‘BELOW 


ite ‘The first electric 

locomotive for the 

“ENGLISH ELECTRIC” LOCOMOTIVES HAVE BEEN Midi Railway of 

ADOPTED ON HIGH TENSION DIRECT CURRENT SYSTEMS . France. Standard 
ALL OVER THE WORLD. Gauge. 


Here are Instances :— 
| The Arthur’s Pass section of the Midland Railway of New — 


Zealand, the first main line electrification in the British 
Dominions, is being carried out by the English Electric 
Company. 

2 The Japanese Government Railways have placed a contract 
with the English Electric Company for the whole of the 
34 passenger and freight locomotives required for the 
electrification of the first section of their main line. 




































3 The Midi Railway of France, the first French Railway to 
electrify its main line, requires 200 locomotives. Foe 
are being constructed by the Constructions Electriques de 
France, associates of the English Electric Company, and 
the electrical equipments are of “English Electric” design, 
manufa:tured either in England or France. 











ENGLISH 


Company Limited. 





he ee f} 
ty - WORKS:- 
DICK KERR WORKS, PRESTON. ORDNANCE WORKS,COVENTRY. 
PHOENIX Meters ge SIEMENS WOR an 
4.75  ‘WILLANS WORKS,RUGBY. : : 


; HEAD OFFICE:- 
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FIRTH’S STAINLESS STEEL 
FOR 
TURBINE BLADING 











5% Nickel Steel. Stainless Steel. 5% Nickel Steel. 


The Photograph shows FIRTH’S STAINLESS STEEL and 5% NICKEL STEEL Turbine Blading in the velocity wheel of one 
Turbine of a set of 2000 kilowatt capacity running at 3000 revolutions per minute. 


The steam pressure was 200 lbs. per square inch, and the steam temperature, with superheat, averaged: about 600° Fahr. The 
Turbine was opened up for the purpose of examining the: blading after a run of one year and six months with a demand averaging 


a 50% load. 


It was found that whilst the standard 5% Nickel Steel Blades had corroded in the usual way, the Stainless Steel Blades, three of 
which were polished and three unpolished, were totally unaffected, retaining their true form, and their original bright finish. Some 


marking was at first observed, but this proved to be due to oxide carried over from the preceding stages of the Turbine, and was 
completely removed by wiping the blades with a damp rag. 


MICROSTRUCTURE 


The microstructure of the blades 
is reproduced in these two microphoto- 
graphs, both at 500 diameters. It will 
be seen that the Nickel Steel (on the 
left) is in the soft condition, and consists 
of ferrite holding nickel in solution, with 
a little pearlite running through it. 


The Stainless Steel (on the right) 
is seen to consist of fine grained structure 
resulting from the effect of tempering 
upon the hardened condition. 





5% Nickel Steel x 500'diameters. <b Stainless Steel x 500 diameters. 


THOS. FIRTH & SONS, LTD. - 
SHEFFIELD. 
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WE MAKE A FULL RANGE OF 


CAPSTAN 
» and TURRET LATHES 


from 4 in. to 13 in. height of centre. 

















Mele SiVel: 





Ng 





fay 










This range will deal with bar work ao 
up to 8% in. diameter and chuck Aah 


thy Re 


work up to 30 in. swing. 


Double Tool Lay-out on a Ward 64 in. Capstan Lathe for the production of 2 in. Copper Rings jor ‘O) 
le yee sang The total production time complete is two minutes per' ring. Eee 21 


WE HAVE SPETOIALISED 


in the manufacture of this type of machinery for many years and havea very wide experience, so 


SEND US PRINTS OR SAMPLES OF YOUR WORK 


and let us tell you the methods we should adopt on our machines. Even if you do not 
require new machinery, we may be able to supply more efficient equipment than you are 
using at present, We shall be pleased to send a technical representative to discuss any 
point with you, 


H. W. WARD & C2: L7: “Sirmincnam. 











SNES SAY 
oe ate Rie 


ge REE Ramis. io 
SR ta RF AERESR, ake 
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Be a 


LINCOLN TYPE 


MILLING MACHINES 


No. 634. 
24 in. by 5 in. by 14 in. 


ro, 














Improved Steadies allowing Improved 
Arbor and Cutters to be Oiling arrangements. 
removed intact. All Motions arranged for 
Rapid Handling and Ease of 
Setting. 
Patent Feed Engagement Starting and Stopping from 
Device. Front of Machine. 








Working Surface of Table . - 34 in. by 11 in. 
Maximum Distance, Spindle to Table 12 in. 


For MANUFACTURING IN QUANTITIES. 


JAMES ARCHDALE & CO, Li, | 


LEDSAM ST., BIRMINGHAM. 
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SMALL 
FEEDPGMPS 


sn New 


STANDARD 





DESIGNS 
and SIZES 


For the feeding of small boilers you can now get 
a Small Weir Feed Pump. 





q It will save you money over the ordinary duplex 


‘ pump through its economy in steam con- 
sumption. 


q It will outlast the ordinary pump several times over. 


q It will cost less for maintenance, and the price 
is right too. 


q If you have a small boiler you can’t afford to go 
on feeding with the ordinary duplex pump. 


Send for Circular B. 


2) OP ADDED EEA 9941 


G.e J. WEIRD? si3so8 


\ GLASGOW. 
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v¢ 
AIRCRAFT 


MAIL & PASSENGER STEAMERS. | 


Warships, Commercial Ships. Float- 
ing Docks and Cranes. Rchosshaan: 
Dredgers and other Special Craft. 
Marine Engines. Contraflo Specialities 
for Ships’ Auxiliary Machinery. Michell 
Thrust Bearings for all purposes, 
Large Gas Engines. Guns and their 
Mountings. Armour Plates. Rubber- 
making Machinery. Hydro - Electric 
Power Installations. | Mining, Cement 
Making and Stone Crushing Machinery. 
Oil Well Supplies and Equipment. 
Drifting Sand Filters for Water Purif- 
cation. Concrete Brick, Tile and Slab- 
making Machinery. Cardbox-making 
Machinery. Target and Sporting Rifles. 
“Vickers Duralumin”™ (Rega. Trade Mark). 
Machine Tools. Engineers’ Small Tools. 
Waterproof Plywood. Gas Meters. 
Porcelains for all Electrical Purposes. 
Etc., Etc. 


Head Offices: 


VICKERS HOUSE, BROADWAY, / 


LONDON, S.W. 1. 


WORKS: Barrow-in-Furness, Birmingham, 
Sheffield, Crayford, Dartford, Weybridge. 


BRANCH OFFICES: 
Manchester, Birmingham, Leeds, 
Newecastie-on-Tyne, Bristol, Belfast. 
DEPOTS: 

Glasgow, Dublin. 








[ 
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l?iver Lon 
Works, 


SHEFFIELD. 





REGISTERED (TRADE N17 








VICKERS LIMITED 
High Tensile Steel Tyres (“Australia Brand"). Drop 


Straight Axles for Locomotives, Carriages and enan. 
Laminated Springs for Railway and Motor Car use. Motor Car Pressings. Weldless Drawn Tubes in 
S.R. Boring Cutters. Cast Cutters. Magnets. 


all qualities of Carbon and Alloy Steels. Spiral and Straight Toothed Bevel Gear Wheels. é 
Special Tools. Files. Hacksaw Blades. Band Saws. Surface Hardening by Patented Process. 


Gauge Plates. Jigs. Gauges. Fixtures. 
Head Office: 


Vickers House, Broadway, London,S.W.1. 


GLASGOW : Vickers House, 247, West George Street. Dublin : 32, Nassau Street. 


Locomotive Crank Axles. 
Forgings and Stampings. 


Depots : ; 
e Buildings, Long Millgate. BIRMINGHAM : Vickers House, Loveday Street. LE! DS: Greek Street Chambers, Park Row, 
Fancy BELFAST : 26a, Arthur Street. 


Branch Offices: MANCHESTER : Mil 
NEWCASTLE-ON-TYNE : Commercial Union Buildings, Pilgrim Street, BRISTOL: 55, Park 
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B.T.H. 
Products 


Steam Turbines 
Turbo-Compressors 
Turbo-Exhausters 


Generators, 

A.C. and D.C. 
Rotary Converters 
Motor Generators 
Phase Advancers 
Slip Regulators 
Switchboards 


Industrial 
Switchgear 
Motor Control Gear 


Motors, 
A.C. and D.C. 
Electric 
Locomotives 
Train Equipments 
Tramway Motors 
Magnetos 


“ Fabroil ” 
Silent Pinions 


Flow Meters for 
Steam, Water, 
Air and Oil 
Lighting Fittings 
Mazda Lamps, 
Vacuum’ and 


Gasfilled 























The illustrations show a B.T.H. 
blast furnace turbo-blower, the 
largest operating in the United 
Kingdom, having a capacity of 
40,000 cu. ft. of free air per 
minute with delivery pressures up 
to 30 lbs. per sq. in. gauge. 




















Centrifugal 


Blast Furnace Blowers. 


B.T.H. Turbo-Blowers, incorporating 


Constant 


Volume 


Governors, 


ensure a uniform quality of pig iron 
production and are eminently suitable 
for use with Bessemer converters. 


























The’ British Thomson-Houston Co., 


and Manufacturers 


Ltd., 


3s 9910 


Rugby, England. 
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ELECTRICALLY DRIVEN 
PLATE BENDING ROLLS. 


SPECIALLY CONSTRUCTED FOR 


PIPE LINE manuracturers. 





WE MAKE THIS MACHINE IN ALL SIZES. 









Telegrams : 


H Had Ee. He Bm: .. 4a: op (eo ee a... : 71g 
: Telephones : : 
: 20181 & 20182. 3 


- . 
$ “Rivetter, Leeds.” 
* 


. i  m e  ee  e  O 


LONDON OFFICE: 38, Victoria Street, WESTMINSTER, S.W.1. Wires: “Vilvalle, London.” -'’Phone: 3190 Vic. 
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MB GRID RESISTANCES 


Unbreakable! Jointless! Rustless! 
Guaranteed unconditionally for 5 years. 


Sole Makers— 
THE ELECTRO-MECHANICAL BRAKE CO., LTD., a 


West Bromwich, England. Established 1908. 15,000 in use. 
Telephones: 291 & 292 W.B. Telegrams: Brakes, W.B. 














FIRTH’S STAINLESS STEEL. 


Tuos. FirtH & Sons, Lto., 
SHEFFIELD. on 








OLDEST & LARGEST MAKERS oF WHEELS with 
STEEL or STRAIGHT, STAGGERED .OR 


CAST IRON DOUBLE HELICAL TEETH 


» JACKSON &. Co 


sALFORD ROLLING Mitts — 
MANCHESTER. 
Seas! = @\ SAMUEL PLATT, L° @oau 


WEDNESBURY. 


BOLT & NUT PLANT. 


LZ RAPID BOLT, RIVET, AND NUT FORGING MACHINES. 
SCREWING, TAPPING, AND OTHER FINISHING MACHINES. 











Agent for France: Mon. FERNAND PERDRIZET, 29-31. Rue de Chabrol, Paris. 8367 


=F MANGANESE anp SILICON COPPER, Pattres08 
.. PHOSPHOR BRONZE, tin & copper. 


aoe Mangan 


‘GBM ANTI-FRICTION “ETA‘S, COPPER AND 
umes = BABBITTS aNbD PLASTIC METALS. 5 


WE HAVE NOT HAD A 


omen as'veans CASTINGS any size OR WEIGHT. “a 


506 


BILLINGTON & NEWTON, Lro,, 27" 














oA ERAND 
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HUMPHREYS & GLASGOW, Ltd. 


38, VICTORIA STREET, LONDON, S.W. 1. 


HYDROGEN EE 


HIGH PURITY, LOW COST OF PRODUCTION, 
LOW COST OF INSTALLATION 


BY NEW PROCESS 


FOR OIL HARDENING, SYNTHETIC PROCESSES AERONAUTICAL PURPOSES &c. 



















—————————— 
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Brotherhood Single and Two-Stage 


AIR COMPRESSORS 


Fitted/ with multiple opening Automatic Valves of very low weight 
and short lift; capable of operating without noise or wear at 
speeds up’ to 750 strokes per minute. Valve and seating self- 
contained and instantly removable. High volumetric and mechanical 


efficiency. Self Lubricating. A special feature of our Two-stage 
Compressors is that the air is compressed in separate cylinders for 


each stage, which ensures the highest possible efficiency in cooling. 
There is no side-thrust on the cylinder walls. 


Write for Catalogue. 


PETERBOROUGH. 


















—— 
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PETER BROTHERHOOD 1 LTD 


London Office: Central House, Kingsway, W.C. 2. 
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SOUND 
EFFICIENT IN WORKING. 

RELIABLE IN. SERVICE. 

DIRECT CURRENT ONLY. 





H. ALLEN SONS 


BkEDEOFNRD. 


&z 










IN CONSTRUCTION. 





co., LTD., 


oy —_ 


[SUPPLEMENT page IT] 


Re 


ENGINEERING. 


Nn 
ALL BRITISH 


Start profit - making 
by turning your Slag 
or Road Stone into Tar- 
Macadam——with a 


RANSOME machine. 


Cut your costs by 
doing those Concrete 
and Piling jobs with 
RANSOME Mixers 
and Steel Piling. 


The RANSOME is the British make that makes 
all the difference between success and failure, 
profit and loss. 


Ask 
for Catalogues : 


RANSOME 


Se) SA macuuneny co, om tro, ) 
Vey a Dept. E, 
N ie ‘ N 


’ “4 14-16, Grosvenor Gardens 
4: r* ’ ’ 
“ Vii LONDON, 


RE 5 Se rE 
‘es i >y: 9 : : aie - 
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STEEL 
HAND TIPCART. 


TAR- MACADAM AND 
ASPHALT PLANT. 
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GOVERNORS “« SHONE”’ For RAISING SEWAGE, SLUDGE, || BULL'S METAL & MELLOID C0. 
PICKERING PNEUMATIC —_ — = BULL'S METAL, mee liers, Bars, Sheets, gk 


Rods, Valve Spind) bo denser Stays & Plates, &c. 
. Ds .. TYPE. — & MELLOID. (Reg. Trade Mark and Patented }-Gom 


RANGOON, KARACHI, BOMBAY, denser Tubes, aconnd Biays, Beller Pubes, , Stays 
near (EI ECT ORS saree srr cor || siti wevsce™ mot Rane te 
cooreens eas eeeaae LIFTS Fer Raising Water from 
my THERMOSTATS | | HUGHES 8 LANCASTER, Ld., 16, Vicia s. LonDon, 5) gee 
; WATER SUPPLY OF ESTATES, VILLAGES, 
. Steam to R AFTO Ni & CO. RAILWAY STATIONS, QUARRIES, &e. 
CALORIFIERS, BY 
OR HOT WATER BLAKE’S RAMS. 
to install these SELF 





















































ap eate (- _DELIVERY. Westminster, and many other places. PULS ATING PUMPS 
SONS, Ltd, MACHINERY Wells, Boreholes, &c, AND GENERAL ENGINEERING. 
— for — Teleg :—"* Bllisons Ltd.,"’ Irlams-o’-th’- —_ 
TANKS. «os & CONTRACTORS TO H.M. GOVERNMENT, 


ser || AIR COMPRESSING | COMPRESSED AIR ~ismeeal on 
st STOCKPORT, 
For Pamphlete and full particulars apply to the Manufacturers— W. T, FLLISON &C0., Lr., 
Controlling Telephone : No. 30, Pendleton. 
CYOLOPS WORKS, Advise your Customers 





“3 Telegrame— petvesnoce m ACTING PUMPS 
THE HORNE Grafton, Bedford. sill adlinas 


(| ENCINEERING CO., ) NO OIL. 


\ ANN ss |NO STEAM, 
35, Pitt Street, Glasgow. SS NO LABOUR. 





NO COST bad 
FOR MOTIVE 


ES ae EA ae SARE SRI 
es POWER, 958 
CLIFTON 8 BAIRD, L> Rams will raise water to any height up to 1500 feet. 


Metal Sawing Machine Specialists, pos iit lies | sonnetaice.“Lro.,” Aocameron, anes, 


EMPRESS WORKS 9223 























JOHNSTONE, SCOTLAND. 


CONSOLIDATED BRAKE & ENGINEERING a — Oe ee . IRON CASTINGS 


COMPANY. LIMITED, ; <= of every description. 

On ON ie SILVER MI MEDAL, Inventions Exhibition London, 1885. GOLD MEDAL, Paris, 1900, 
STANDARD AUTOMATIC VACUUM BRAKE GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London 1908, 

Rapid Acting Service & Emergency Accelerators GRAND PRIX, Buenos Aires Exhibition, 1910. THE SEAHAM FOUNDRY 6°. 

















See Illustrated Advertisement Dec. 22. 
Teleg.: “ Peters, Vie, London.” Tele. No. » Wictoria 2900-1. 











Seaham Harbour, 
Wa A et Ss RES SS SI ior 








cievelano | TURBINES g@yeihag, |———— 
ENGINEERING C0., Lw.| Pelton Wheels. 


ced. ration qf Briijes, Eiraers W. GUNTHER & SONS 


ae, Peg gp Sek all classes <p i Derren. Womet: CAS Works, OLDHAM. Gunther-Francis Turbine scieudeniaaeeenaaeiieeetaamitiooantaie Oil Governor. 








Heap OFFice AND Works— 


DARLING Ton. . 
BO EE OT es ea Wet pcr Dry 


gee cag as Admiralty and War Office Contractors. 9] BENCH GRINDERS 


Contracting Engineers. Fitted with Adjustable Cone Bearings. 


EVAPORATORS 


i Live or|Exhaust Steam Types. 


FEED WATER HEATERS 


Live or Exhaust Steam Types. 


ee ee ee = FEED WATER FILTERS 
Atlantic House, 45-50, Holborn Viedact, Londen, B.C. 1. eS — 
Grams: Micontraco, Oent, London. Tel.: Holborn 2522. 


1 EXHAUST STEAM 
“SPLIT GRIP” OIL SEPARATORS 
COLLAR (ts) Improved;Type. 


AS USEFUL AS THE 
SPLIT PULLEY. COMPLETE 


FRESH WATER An excellent tool for Garage work 
\ <a DISTILLING INSTALLATIONS Rasipmenteoosate of 


Bnclosed dust- motor,“ Stauffer ” lubrica- 
te cause (All Sizes). For LAND or MARINE USE. tion, two 8 by { wheel guards, adjustable water 


Accidents. pF eS Le eontainer ith sight water level, switch and 
= a id Grips like « Vics. BOILER FEED PUMPS. The tent is detachable, and the machine can 
' - 

















be readily converted to a double 4 nder rn 
Fixed %7 Vertical Single-Cylinder Direct-Acting Type. for buffing and polishing. 7 oF 
er Removed 


/ ay 3a 777, Commercial Road, WHITE, JACOBY & C0, 


TRIER Bros, Limehouse, London, E.14.|| """LonDON, N.W.1. 


6, VICTORIA ST. Luarzp, ie os * Te e No,; Norra 2066. 
WESTMINSTER, 1 a Tel. Address—“ VAPORIZE, LONDON. Sole. Adnan bettion i 


Telephone BAST 210,; erwen, Lewtens* 
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We are the Largest =, 
= Buyers of Non-ferrous 


. me * | SCRAP_ METAL 


and are ala 


SCRAP BRASS, GUN ME ee = 
ee TURNINGS & BORINGS ttc. 1c. =: 






































ICE MAKING OUR MACHINES HAVE NO 


COMPLICATIONS AND ARE EASIER 


AND TO RUN THAN ANY ON THE MARKET. SIM PLE ST 


THEY ARE EXCEPTIONALLY 


2 Pipa CAREER AND ucoEaATs DN toe hy hee 
MACHINES. . MARKET. 


RESULTS GUARANTEED. 


Pulsometer Engineering C21? 


LONDON: READING : 
Offices, 11, Tothill Street, 


Works, 
Westminster, s. wea Nine Elms Iron Works. 


eT STL TL Ti alec 
0 A? * (MLM hol hon hn hind heel ad hod *, 
eX « MR AEK <i KK or 6 EXE LEE ERK EC LEX mix KEE 


BRIGHT COMPRESSED 


pr AE'’TIN Cer 


ROUNDS. HEXAGONS. FLATS. SQUARES. 
ncticnebite FORGE co., LTD., NEAR LEEDS. 











DROP F ORGINGS 


FOR THE ENGINEERING TRADES MADE 
STEELS ‘© avy analysis, special attention being paid to the heating and te of Carbon, 
Nickel, Nickel Chrome, Chromium, Chrome Vanadium and other Alloy Steels. 


HEAT TREATMENT carried out under the direct supervision of our laboratory to meet all 
Engineering Standards Committee, Air Board, Admiralty, War Office, and other 
Specifications and Tests. 


SunNP TOUR BNQUINIAS ToO- m4 


The Smethwick Stamping Company, Limited, 


BRIDGE STREET, SMETHWICK. 
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